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Cardiac Club 1922: Cardiac Society of Great 


Britain and Ireland 1937 


DENNIS KRIKLER 
Editor, British Heart Journal 


'Ihis year sees the Golden Jubilee of the trans- 
formation of the Cardiac Club into the Cardiac Soci- 
ety of Great Britain and Ireland, now known as the 
British Cardiac Society. The origins of both the 
Cardiac Club and the Cardiac Society were 
recounted in an article in the first issue of the British 
Heart Journal published in 1939,! which we reprint 
in this issue so that our readers can more easily 
appreciate the events. Fortunately we have been able 
to obtain from one of the founding fathers, indeed 
the first President of the Cardiac Society, a more 
personal account of the circumstances.? The invita- 
tion to Gilchrist produced a quick response, and the 
article was written in his elegant hand, clearly leg- 
ible, and ready for the printer as it stood. It is grati- 
fying to know that several of the founding fathers are 
with us and able to see with what pleasure we com- 
memorate their vision in establishing the Society 
half a century ago. 

The British Heart Journal is two years younger 
than the Cardiac Society, and as its official organ we 
are happy to publish a series of Jubilee editorials 
which will try to reflect a selected series of devel- 


opments in cardiology that span the time of the 
establishment of the Society and that have continued 
to be important to this day. In selecting the topics 
and writers, it was gratifying to see what a fruitful 
period this has been for British cardiology. In addi- 
tion to our usual papers, each subsequent issue will 
start with a Jubilee editorial written in this spirit. 
One subject of considerable importance, to which 
the British contribution has been substantial, has 
been omitted and that is cardiac surgery; having read 
the recent review by Cleland, we realised how 
difficult it would be for anyone else to cover the 
subject without trespassing on his achievement.? 
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British Cardiac Society—Golden Jubilee 


RAE GILCHRIST 
Consulting physician, Royal Infirmary, Edinburgh 


The British Cardiac Society had its origin in the 
Cardiac Club which consisted of 15 members bound 
together by their interest in cardiology. The Club 
held its first meeting in London in 1922 under the 
chairmanship of Sir Thomas Lewis and annually 


thereafter, with one or two new members added most , 


years. As a source of lasting friendship, under- 
standing, and good fellowship it made an indelible 
impression on its fortunate members. First and fore- 
most, they were firm friends, united in a common 
interest ın cardiology. I was astounded by the 
warmth of the welcome that I received on my admis- 
sion to the club, only two members of which I had 
met previously. I felt I was among old friends. 

At the Club's dinner after the annual meeting held 
in London in 1935, under the chairmanship of Sir 
Maurice Cassidy, I put forward the suggestion that 
the Club should expand, extend its benefits to a 
wider group, and act as a forum for the presentation 
of clinical research and discussion. I said we needed 
a British Cardiac Society with its own journal. With- 
out any preliminary soundings before dinner, this 
proposal transformed the evening. It was seconded 
by Evan Bedford and received with enthusiasm with 
only one dissenter — Maurice Campbell — who sub- 
sequently changed his mind and a few years later 
became secretary of the new Society, soon to become 
the passion of his life! A constitution was drawn up 
and invitations were sent to 50 possible new mem- 
bers — all hand-picked; all accepted, and we were off 
to a good start. 

We held our first annual meeting at the Royal 
Infirmary in Edinburgh in 1937 and I was Chairman 
that year. Among several communications that of 
Paul Wood was outstanding; he made a deep impres- 
sion. The Society dined in the Hall of the Royal 
College of Physicians of Edinburgh. It was a memo- 
rable occasion, a dozen or more members accepting 
my invitation to continue the celebration of the suc- 
cessful birth of a new Society at my home, then 
within walking distance of the College. T'he Associ- 
ation of Physicians met the following day, dined in 
the same Hall, and only a few noticed that the cater- 
ers provided identical menus on successive nights. 


In the early days it was an honour to be selected for 
membership of the Cardiac Club and of the British 
Cardiac Society as a foundation member. Now it is 
commonplace, but much appreciated by the younger 
members who value the opportunity to see, hear, and 
meet many of the leading cardiologists of the day, 
but perhaps on occasions a two-headed sword, as 
exemplified by a younger member telling me that 
having seen and heard a certain elder “statesman” 
take part in a discussion he (the younger) would 
never bother to read anything he (the elder) wrote in 
the future. 


At one time all the members were known to each 
other. Those days have passed and now an enormous 
audience of members and guests gathers in one of 
two or three halls for simultaneous presentation of 
different communications, discussions, or lectures 
according to personal choice. The Society now con- 
sists of close on 800 members, of whom 200 or more 
reside abroad. It was in 1952, the year when the 
European Cardiological Congress was held in Lon- 
don, that Sir John Parkinson was elected our Presi- 
dent. Similarly, in 1970 Sir John McMichael was 
President during the meeting of the World Congress 
of Cardiology in London. Professor Michael Oliver, 
the Society’s eighth President and the first to be 
elected from outside London, brought Edinburgh an 


additional distinction. 


The Society is responsible for two major publica- 
tions — the British Heart Journal and Cardiovascular 
Research—both distributed world wide to sub- 
scribers and making an enormous contribution to 
cardiology. The British Heart Journal was originally 
intended for British contributors, thereby reflecting 
the British outlook, approach, and attitude to widen- 
ing knowledge, but it now includes papers from all 


over the world, recognition of its standing abroad. 


In brief, the Society has attained a stature and a 
success greater than ever expected. Nevertheless, 
“small is beautiful” and the Cardiac Club in its per- 
sonal relationships had its own particular charm, 
denied to the larger, more efficient, but impersonal 
organisation of the present day. 
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SOME NOTES ON THE CARDIAC CLUB 
BY 
JOHN COWAN AND OTHERS 


“ The Sun of oia. body, the King and sole Commander of it" — 
“ Anatomy of Melancholy " 


It is difficult to convey to the Georgian a proper impression of the attitude 
of the late Victorians to heart disease. Laennec’s discovery of auscultation 
dominated the succeeding fifty years, and towards the end of the century the 
characteristic sounds of the various valvular lesions had been fully elucidated. 
For a time medicine stagnated. Those of us who were Residents in medical 
wards viewed the outlook with dismay, for the progress of surgery at that time, 
under the influence of Lister's work, was phenomenal. But'better times were at 
hand. 

The physiological laboratories were at work under Gaskell and others. 
The bacteriologsts were turning their attention to medical subjects, the 
tubercle bacillus was discovered by Koch. X-rays showed the contents of 
the thorax. The sphygmomanometer was adapted for clinical use, and the 
polygraph and later the electrocardiograph added their quota to the general 
store. ; 
But, although new methods of investigation became available, a personal 
influence was needed to speed up the work, and James: Mackenzie bécame 
the centre of the picture. He had many facets. A tall, burly man, with all 
the directness of the North, he seemed at first sight rather dictatorial and 
overbearing ; but his transparent goodwill, his unselfishness, and his humility 
soon made manifest that ıt was merely his intolerance of sham, and his search 
for truth. His intensive study of the Shorter Catechism had inculcated a 
downnght mode of expression ! He took a kindly interest in all his neighbours, 
especially the younger members of his profession . and he was always receptive 
of opinions based upon material which was outwith his own opportunities. 
Before long he had attracted to himself many men who were interested in the 
problems of heart disease, and had himself suggested to some of our members 
that a small club should be formed for meetings and discussions The Cardiac 
Club was conceived in Burnley. 

Another European war came, and our profession was.scattered over the 
world. It was not a great war, for it altered little save garden fences, but it 
left a terrible swathe behind it. Many men had died, and many more were 
suffering in health, from wounds or sickness, for whom.provision was required 
During the war the Pension Service was necessarily a makeshift . the staff was 
Insufficient and inexperienced, and their decisions needed revision and co- 
ordination. Many of the cases were cardiac, at least in name, so, in April 1920, 
the Ministry appointed Consultants to aid the Regional Directors in the assess- 
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ment and treatment of the cardiac patients The majority of those appointed 
had been associated with James Mackenzie before the war. 

In 1921 a conference of the Consultants was held in London, and others 
subsequently. They were mainly concerned with the technical and administra- 
tive difficulties of the Ministry, but several interesting discussions upon purely 
medical subjects took place, and some valuable statistical data were collected. 
The influence of war service as a cause of subacute bacterial endocarditis ; 
the effects of malaria upon the myocardium , the incidence of syphilitic disease 
of the heart , the causes of death in chronic valvular disease , the value of 
quinidine in auricular fibrillation, etc , were considered. 

The conferences were appreciated by those concerned (Carey Coombs, 
T. F. Cotton, John Cowan, Ivor Davies, Wardrop Griffith, John Hay, W. E. 
Hume, Thomas Lewis, J. E. Macllwaine, W T. Ritchie, Robert Sevestre, 
H J. Starling), who felt that they had been of service to themselves and perhaps 
to cardiac science, and that it was desirable that they should be continued 
under different auspices On February 21, 1922, Hume wrote to Cowan 
(apparently considering him to be the most senior of the group, though Wardrop 
Griffith was in reality the doyen) suggesting that the men interested in heart 
disease should be called together at the next meeting of the Association of 
Physicians Accordingly a meeting took place at Oxford, with A G. Gibson 
in the chair, and on April 22, 1922, the Cardiac Club wes born The official 
accoucheurs were Carey Coombs, T. F Cotton, John Cowan and W E. Hume 
The first active meeting of the Club took place in London later that year. A list 
of the original members and of those elected subsequently follows, with the 
dates of election of the extra-ordinary members. 


THE CARDIAC CLUB 
HONORARY MEMBER 
James Mackenze, F.R.S., Kt., 1915 


Extra-Ordinary 
ORIGINAL MEMBERS Member 
1922 Carey F. Coombs -1932 
T. F. Cotton 
John Cowan (Secretary, 1922-25) , . i . 1930 
J. G. Emanuel 5 3 A 1933 
A. G. Gibson (Secretary, 1925-28) 
T. Wardrop Griffith, C.M.G. : 3 y x : 1928 
John Hay . : 1935 


Thomas J. Horder, K.C.V.O., Kt. 1918, Bt. 1923, Baron 1933 1933 
W. E Hume, C.M.G. 

Thomas Lewis, C.B.E., F.R.S., Kt. 1921. 
J. E. Macllwaine, ~1930 

John Parkinson 

W. T. Ritchie, O B E. (Treasurer, 1922-31) 
H. J. Starling 

K. D. Wilkinson, O.B.E. 
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THE CARDIAC CLUB-—continued 


MEMBERS ELECTED SUBSEQUENTLY 


1923 J. Crighton Bramwell (Secretary, 1928-32) 
Francis R. Fraser 
1924 A. N. Drury, F.R.S. 
C. E. K. Herapath, M.C. 
1925 A. M. Kennedy _ 
S. Wentworth Patterson 
1926 George A. Allan 
Maurice A. Cassidy, C.B., K.C.V.O., Kt. 1934 
1927 S. B. Boyd Campbell, M.C 
Arnold W. Stott 
1928 H. Wallace Jones 
D. Evan Bedford (Secretary, 1932-36) 
1930 E. P. Poulton 
1931 J. Maurice Campbell, O.B.E. (Secretary, 1936-37) 
1933 R. T. Grant, F.R.S. 
A. R. Gilchrist 
1934 Leonard Abrahamson 
C. W. Curtis Bain, M.C. 
1936 C. Bruce Perry 


Of these original members, three have died : Carey Coombs in his full 
vigour in 1932, Macllwaine of Belfast in 1930, and James Mackenzie in 1925. 
At their next meeting the Club put on record this expression of appreciation of 
their only Honorary Member; and short notes of the dates and appointments 
of these three members follow. 


Minute of the Cardiac Club, May 28, 1925 


" The Cardiac Club laments the death, on January 26, 1925, of its Honorary 
Member, Sir James Mackenzie. By the power of his genius and the wealth 
of his achievements he exercised a vast influence upon the branch of Medicine 
with which his name is tndissolubly associated ; and his pre-eminence, trans- 
cending the limitations of race and clime, was universally acknowledged. So 
long as the Science of Medicine endures so long will the name of Sir James 
Mackenzie be honoured. 

“ This tribute 1s rendered to the memory ‘of him whom all Members of the 
Cardiac Club revered as their Master , and the Club respectfully offers its 
sincere sympathy to Lady Mackenzie and Miss Mackenzie in the great loss 
which they have sustained.” 
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JAMES MACKENZIE, 1853-1925 


M.B., 1878; MD; 1882, F.R.CP., London, 1913. F.R.S, 1915. 
LL.D., Aberdeen, 1910 ; Edinburgh, 1911. Knight, 1915. Hon. Physician 
to H.M. the King in Scotland, 1920 

Physician, Victoria Hospital, Burnley ; 1880-1907. Physician, Mount 
Vernon Hospital for Diseases of the Chest, 1910-18. Physician to the 
Cardiac Department, London Hospital, 1911-18. Director of the St. Andrew's 
Institute of Clinical Research, 1918-25. Schorstein Lecturer, 1911. Oliver 
Sharpey Lecturer, 1911. George A. Gibson Lecturer, 1914. 


CAREY FRANKLIN Coomss, 1879-1932 


M.B., 1901. M.D., 1903. F.R.C.P., 1917. 

Physician, Bristol General Hospital, 1920. Director, Bristol University 
Centre of Cardiac Research, 1927. 

Major, RA.M.C., T.F. Served in England, Egypt, Mesopotamia and 
France, 1914-19. Long Fox Memorial Lecturer, 1925. Chadwick Lecturer, 
1927. Lumleian Lecturer, 1930. 


JoHN ELDER MaclIrLwaiNE, 1874-1930 


B.Sc. (Engineering) 1894. M.B., 1901 ; M D., 1904: D.P.H., 1907. 

Physician, Royal Victoria Hospital, Belfast, 1910-29. Professor of Materia 
Medica and Therapeutics, Queen's University, Belfast, 1921-28. 

Insh Rugby International, 1897-99. 

Dresser, Irish Hospital, South Africa, 1899-1900. Physician, St. John's 
Ambulance Brigade Hospital, France, 1915-17. 


The First Annual Meeting of the Cardiac Club was held at University 
College Hospital, London, under the chairmanship of Sir Thomas Lewis on 
November 22, 1922 and, subsequent meetings have been held on the day 
previous to the annual meetings of the Association of Physicians, wherever the 
Association happened to meet. 

Many subjects have been discussed by the Club: the heart in the acute 
infections ; hyperpiesis ; angina pectoris ; infarct of the heart ; heart block ; 
the heart in pregnancy ; cardiac asthma , vaso-vagal attacks ; the treatment 
of edema ; etc. In addition to the set subjects many short discussions upon 
case records, electrocardiograms, pathological specimens, etc., have also taken 
place, to the obvious pleasure of the members. On several occasions demonstra- 
tions have been given to the Club by those working in the laboratories. A 
list of the main subjects discussed at each meeting; follows with the names of 
those who introduced the discussion. 
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In addition to the'value the members have received from the meetings, 
the most important function of the Club has been the promotion of friendship 
between the members. All of us, from time to time, have received help from 
our confréres by advice or the supply of information or material. On two 
occasions the Club has been responsible for the mass collection of material 
from the members, from which important conclusions were drawn and made 
public at an earlier date than would have been possible if all the data had been 
dependent upon one observer We refer to Hay's paper upon the value of 
quinidine in the treatment of auricular fibrillation and to. Gibson's paper upon 
ischemic necrosis of the heart. It seems desirable that this procedure should be 
repeated as occasion demands. 

Webb’s egg has grown and the stripling is thriving. Under the new consti- 
tution we anticipate a strong and healthy adult life. 


JOHN COWAN AND OTHERS 


GENERAL MEETINGS OF THE CARDIAC CLUB 


April 22. Oxford Chairman, A. G. Gibson 
Decision to form the 
Cardiac Club 
November22. University College 


Hospital, London 
First General Meeting Sir Thomas Lewis 
May 17. Edinburgh W. T. Ritchie 
June 5. Bristol Carey Coombs 
May 28 Royal Soc of Medi- 
cine, London T. F. Cotton 
May 20. Newcastle W. E. Hume 
June 2. Belfast J. E. Macliwaine 
May 24. Liverpool John Hay 
April 4. Cambridge A. N. Drury 
June 5. The London Hospi- 
tal, London John Parkinson 
May 21. Manchester Cnghton Bramwell 
May 12 Liverpool John Hay 
April 6. Glasgow G. A. Allan 
May 7. Leeds Wardrop. Griffith 
June 6. St. Thomas Hospital, 
London Sir Maurice Cassidy 
May 28: Manchester 5 Crighton Bramwell 
Fifteenth.and last General Meeting of the Cardiac Club. 
January 8. An Extra-Ordinary Meeting was held at Guy's 
Hospital, London (Chairman; Bramwell) at which it 
was decided that the Cardiac Club should be trans- 
formed into the Cardiac Society of Great Britain 
and Ireland. 
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1922. 
1923. 


1924. 


1925. 


1926. 


1927. 


1928. 


1929. 


1930. 


1931. 
1932. 


1933. 


1934. 


1935. 


1936. 


JOHN COWAN AND OTHERS 


MAIN SUBJECTS OF DISCUSSION 


Infective Endocarditis 

The Use of Quinidine 
Abnormal QRST Complexes 
The Heart ın Pneumonia 
Digitalis 


The Effect of Adrenalin on the Heart 

Heard Disease in Children 

Anemic Necrosis of the Heart 

Simple Tachycardia 

Blood Pressure 

Cardiovascular Syphilis 

The Heart ın Hyperpiesis 

Angina Pectoris 

Heart Block 

Treatment of Edema 

Angina Pectoris 

Injection of the Coronary Arteries 

Cardiac Asthma 

Vaso-vagal Attacks 

Mitral Stenosis 

The Heart and Athletics 

etiology of Heart Disease 

The Heart in Diphtheria 

The Heart in Influenza 

The Influence of Tobacco 

The Influence of Alcohol 

Abnormalities of the T wave 

Right and Left Ventricular Complexes 

Diseases of the Pulmonary Artery 

Vaso-motor Angina 

Heart Symptoms and Gall Bladder 
Disease 

Cardiac Disease of Unknown Atiology 

Heart Disease and Pregnancy 

Heart Block 





Sir Thomas Horder 

Hay and Parkinson 

Macllwaine 

Wardrop Griffith 

Fraser and Andrus (intro- 
duced). 

Hume and Fraser 

Cotton and Carey Coombs 

Gibson 

Parkinson 

Bramwell and Carey Coombs 

Cotton 

Wilkinson 

Starling 

Kennedy 

Patterson 

Ritchie 

John Campbell (introduced) 

Fraser and Emmanuel 

Starling 

Cowan 

Bramwell 

Carey Coombs 

Hume and Wilkinson 

Herapath 

Maurice Campbell 

Patterson 

Cowan end Allan 

Drury 

Parkinscn and Bedfo-d 

Cassidy and Patterson 


Cotton and Hume 

Stott and Maunce Campbell 
Bramwell 

Gilchrist 


(British Heart Journal, Vol. 1, No. 1, January, 1939) 











CARDIAC CLUB 103 


THE CARDIAC SOCIETY 


After the meeting of the Cardiac Club in 1935 it was suggested that, with the 
increasing numbers who were interested in Cardiology, the time might have 
come for expanding into a larger and more representative society and that the 
Executive should consider this possibility. 

At the 1936 meeting 1n Manchester a memorandum which had been drawn 
up by the Executive (Allan, Bedford, Drury and Wilkinson) provoked a long 
discussion. After general approval of the principle of expansion the following 
committee was appointed to draw up a scheme for submission to a special 
meeting of the club. 

Membeis : Evan Bedford, Crighton Bramwell, F. R. Fraser, John Parkinson 
and Maurice Campbell (Secretary) 

The committee held several meetings and drew up a draft constitution and 
rules for the Cardiac Society, and lists of names of those who should be invited 
to be Honorary, Extra-Ordinary, Ordinary and Associate members. 


The last meeting of the Cardiac Club was a special one held in the Governor's 
Committee Room at Guy's Hospital on January 8, 1937. It was decided to 
accept these proposals for the formation of the new society, for its rules and 
constitution, and for the names of those who were invited to be the original 
members. The following were chosen as the first Council . Allan, Evan Bed- 
ford, Cnghton Bramwell, Gilchrist (President 1937), Parkinson, Wilkinson 
and Maurice Campbell (Secretary and Treasurer). 

At the First Annual Meeting of the Cardiac Society, held at Edinburgh on 
April 15, 1937, practically all the members attended, and in addition to the 
scientific business a committee was appointed to consider the possibility of 
starting a journal dealing with cardiology. Members: Gibson (Chairman), 
Evan Bedford, Maurice Campbell, Fraser and Wilkinson. 

Several meetings were held, and ın February 1938 the committee reported 
to the Council. They recommended that such a journal should be started 
and that the British Medical Association should be asked to publish it, as 
after various negotiations and meetings they thought that the British Medical 
Association were able and willing to publish a journal that would meet the needs 
of the Society. These recommendations were approved by the Council of the 
Cardiac Society. which appointed the Editors and the Editorial Board for the 
Journal. The title which has been chosen was suggested at an early stage, 
but many other titles have had their supporters The action the Council 
had taken with reference to the Journal was approved by the Society at its 
Second Annual Meeting at Bristol on June 2, 1938 


MAURICE CAMPBELL, 
Secretary of the Cardin Society 
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BRITISH HEART JOURNAL. EDITORIAL NOTE 


For some time the need for a journal representative of British Cardiology 
has been apparent, and the Cardiac Society of Great Britain and Ireland, 
feeling assured of adequate support, has taken the initiative in starting the 
British Heart Journal The Society's project has been facilitated by the generous 
co-operation oft he British Medical Association, which has undertaken the 
responsibility of publishing and distributing the Journal. 

To those who hold that specialization has already gone too far, the appearance 
of another journal devoted to a special branch of medicine may seem a step 
in the wrong direction. In Harvey's time medicine had no offspring, for the 
surgeon was no more than the servant of the physician. One by one, Anatomy, 
Physiology and Pathology began to develop independently of the parent science, 
and in the course of time further separation has occurred, to meet the exigencies 
of practice, teaching, and research. 

But even traditional divisions in medicine are not inviolate, and already 
the barrier between Medicine and Surgery is yielding, for example ın the fields 
of Neurology and of Diseases of the Lungs. Radiology has become a special 
branch of medicine on grounds of expedience alone, for it is no more than a 
method of examination, and incidentally one which ts readily applicable to the 
heart. Cardio-vascular radiology has been and is being developed as a means of 
diagnosis by those interested in the heart, whether primarily physicians, radio- 
logists, anatomists or physiologists. The special journal represents an attempt 
at reorientation ; its proper function is to bridge the barriers separating 
existing divisions ın medicine, and not to create new ones. By providing 
common ground on which physicians, anatomists, physiologists and patho- 
logists may meet and pool their efforts in a particular direction, it enables those 
who treat the sick and those who work mainly in the laboratory to keep in 
contact with each others problems ın the same field, to their mutual advantage. 

The British Heart Journal wil naturally reflect first and foremost the 
interests of members of the Cardiac Society, interests that are predominantly 
though not exclusively centred in the clinical aspects of cardio-vascular disease ; 
but the policy of the Journal, and indeed of the Society, will be to serve all those 
1nterested 1n the Heart and Circulation, irrespective of their calling. 

In starting the British Heart Journal, we are not unmindful of its predecessor, 
Heart, founded by Sir Thomas Lewis nearly thirty years ago. During the 
period when knowledge of electrocardiography was developing, Heart rendered 
invaluable service to Cardiology and maintained a standard and reputation 
second to none among the scientific journals of the world. In changing the title 
to Clinical Science, Sir Thomas Lewis has indicated his intention of widening its 
scope and thus increasing its field of usefulness to those engaged in research. 
The Cardiac Society are indebted to him for his generous co-operation, and 
we take this opportunity of thanking him for his support and for contributing 
a foreword. 


D. EYAN BEDFORD 
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Risk factors for ischaemic heart disease in 


British men 


A G SHAPER, S J POCOCK 


From the Department of Clinical Epidemiology and General Practice, Royal Free Hospital School of 


Medicine, London 


Being “‘top of the league" may be heartwarming for 
footballers but in the world of ischaemic heart 
disease it brings:cold -comfort. Northern Ireland, 
Scotland,..and England and Wales are currently 
among the leaders for mortality rates from ischaemic 
heart disease both for men and women. While some 
countries, such as the United States, Australia, 
Canada, and New Zealand, have shown impressive 
declines in mortality rates for men over the past 
decade or so, the rates in the United Kingdom have 
shown little change. Improvements in the manage- 
ment of ischaemic heart disease, both medical and 
surgical, have considerably alleviated the suffering 
of many patients, hut.they are unlikely to bring 


about major reductions in the overall population risk» 


of death or disability from ischaemic heart disease. 
We have become accustomed to being a high risk 
community and we can either continue in this frame 
of reference or we can recognise that a national pol- 
icy for the prevention. of ischaemic heart disease is 
needed urgently. ORE ' 
'The administration of lime juice to prevent scurvy 
and the removal of the Broad Street pump handle to 
stop the spread of cholera are much quoted examples 
of successful action that preceded “adequate” 
information about a health hazard. The complexity 
of ischaemic heart disease and the controversies 
surrounding its aetiology and management, how- 
ever, have raised the level of certainty demanded 
before action can be taken. Even-though national 
committees of many countries have produced 
reports recommending action in various 
directions—almost all affect diet, cigarette smoking, 
blood pressure, and physical activity—there is still 
considerable argument about the extent to which 
these measures would affect the impact of ischaemic 
Requests for reprints to Professor A G Shaper, Department of 


Chnical Epidemiology and General Practice, Royal Free Hospital 
School of Medicine, Rowland Hill Street, London NW3 2PF 


11 


heart disease in our own community. Any rational 
approach to preventive action in the United King- 
dom requires adequate information about the nature 
of ischaemic heart disease in this country. Much 
sound epidemiological data have already been pro- 
vided by American studies such as Framingham! 
and by the study of London-based civil servants in 
Whitehall.? A more complete insight into the prob- 
lem would require information on the prevalence 
and development of ischaemic heart disease in a rep- 
resentative sample of the whole British population of 
middle aged men. Accordingly, the British Regional 
Heart Study was initiated ın 1978 as a prospective 
study of ischaemic heart disease in 7735 men aged 
40-59 drawn at random from general practice regis- 
ters ın 24 towns in England, Wales, and Scotland- 
'The aims of the study were: (a) to determine the 
reasons for the considerable geographic variation in 
mortality rates from ischaemic heart disease; (5) to 
provide information on the prevalence and incidence 
rates of the disease in British men; (c) to measure 
the effect of various factors (both personal and envi- 
ronmental).on the risk of developing ischaemic heart 
disease; (d) to relate this information to policies for 
the prevention and control of ischaemic heart dis- 
ease. 

It is perhaps necessary to remind readers that no 
national data of this kind were available and that 
most previous studies were only of. specific 
occupational groups. The British Regional Heart 
Study provided a sample -representing all socio- 
economic classes and included men irrespective of 
their health or employment status. After extensive 
intial screening in 1978-80 all 7735 men have been 
followed for subsequent development of ischaemic 
heart disease, both fatal and non-fatal. Some men 
have moved from the original 24 practices, so that 
contact has had to be maintained: with 800 additional . 
practices. At their fifth year in the study 98% of 
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surviving men satisfactorily completed a question- 
naire on their risk factors, and health status.? As of 
July 1985, 336 men have had.a major ischaemic 
event of which nearly half were fatal. 


Prevalence of ischaemic heart disease 


One in four of these middle aged men had some evi- 
dence of ischaemic heart disease at the initial exam- 
ination. This was based on the World Health 
Organisation chest pain questionnaire and a resting 
electrocardiogram.* The prevalence of ischaemic 
heart disease varied between towns, from 17% 
(Lowestoft) to 30% (Merthyr Tydfil). There was a 
strong correlation between these prevalence rates 
and the mortality rates for ischaemic heart disease 
derived from official sources. This suggests that the 
geographic inequalities in mortality rates from 
ischaemic heart disease are genuine and not simply 
due to differences in case-fatality rates. 
Unrecognised or silent myocardial infarction 
seems to be a genuine and highly underestimated 
problem. Only half of those with definite myocardial 
infarcuon on electrocardiogram had ever experi- 
enced chest pain suggestive of angina.or possible 
myocardial infarction. Furthermore, only one in five 
of those with evidence of ischaemic heart disease 
could recall such a diagnosis having been made by a 
doctor and these were overwhelmingly the most 
seriously affected.? This low level of awareness of 
existing symptoms and signs among patients and 
doctors may account for the common belief that 
major ischaemic episodes "come from the blue". 
Little wonder that anticipatory care is not common. 


Risk factors 


The British Regional Heart’ Study has provided a 
national view of many established and potentia] risk 
factors for.ischaemic heart disease among middle 
aged men.°~® A-notable finding has been the very 
wide range of mean blood pressures observed, from 
136 mm Hg systolic in Guildford and Shrewsbury to 
153mm Hg in Dunfermline.Ó In individual men, 
age, body mass index, and alcohol intake were 
important determining factors, with body mass 
index affecting blood pressure to a much greater 
extent than alcohol. Despite earlier claims by others 
that exposure to lead may have a hypertensive effect, 
blood lead concentrations did not appear.to be a 
determinant of blood pressure in these British men.? 
Further stüdies to explore these regional differences 
in blood pressure are under way to find out why 
blood pressure rises with age and why it does so at 
different rates in the various towns. 

Cigarette smoking also differed considerably 
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between towns, from 12% smoking 20 or more per 
day in Guildford to 36% in Grimsby.” Although 
manual workers consistently had higher rates of 
cigarette smoking than non-manual workers, the 
difference in smoking rates between towns was more 
apparent than the differences between the social 
classes within the towns. Town *'culture" may play 
a more crucial role in determining smoking (and 
drinking) rates than socioeconomic class. Rates of 
cigarette smoking were lowest in men who were light 
drinkers (1-2 drinks per day) and this may in part 
explain the reported lower risk of ischaemic heart 
disease in light drinkers. 

'The mean concentration of serum total cholesterol 
did not vary nruch between towns and did not relate 
to the town levels of ischaemic heart disease mor- 
tality. Although the observation brings some joy to 
those weary of or opposed to the “‘blood cholesterol 
story", it must be pointed out that the serum total 
cholesterol concentrations are uniformly high 
throughout Britain (mean 6-3 mmol/1)* and are con- 
siderably higher than concentrations 1n the United 
States.!? The important message to be deduced 
from the British concentrations of serum total cho- 
lesterol is that we are a nation at considerable risk of 
ischaemic heart disease. 


Risk of ischaemic heart disease 


The first follow up analysis of major events in these 
British men confirms that the three most important 
risk factors are serum total cholesterol, cigarette 
smoking, and blood pressure.!! Serum total choles- 
terol has a continuous positive association with risk 
of ischaemic heart disease, and men with high con- 
centrations (^ 7 2 mmol/l) had three times the risk 
of men with low levels («5:5mmol/l). Of more 
importance is the observation that men with average 
concentrations (the typical British “man in the 
street") have double the risk of a major 1schaemic 
event than those with lower concentrations of serum 
total cholesterol. This means that 60% of middle 
aged British men are at increased risk of ischaemic 
heart disease solely because of their serum total cho- 
lesterol concentrations. 

Current cigarette smokers had the expected three- 
fold increase in risk compared with men who had 
never smoked and there was a clear gradient of 
relation with the amount smoked. The observation 
that risk was also increased in ex-cigarette smokers 
(to at least twice that in those who had never 
smoked) is also of considerable importance. 

Systolic and diastolic blood pressure were both 
important in predicting a major event and we sym- 
pathise with those who wonder why the diastolic 
pressure receives so much more attention in routine 
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clinical practice. Work in progress on British 
Regional Heart Study data strongly indicates that 
systolic blood pressure alone is a far more reliable 
predictor of risk of cardiovascular disease than 
diastolic blood pressure alone. Men“ with systolic 
blood pressures just below the usually accepted lev- 
els of hypertension (148—160 mm Hg) still had a two- 
fold higher risk of a heart attack than men with lower 
blood pressures. This emphasises the importance of 
regarding blood pressure as a continuously distrib- 
uted variable and also highlights the widespread 
nature of this risk factor in British men. 

Overweight (body mass index), serum triglycer- 
ides, and high density lipoprotein (HDL) choles- 
terol were not predictive of risk after allowance for 
the other factors had been made by multivariate 
analysis. This is not to say that they are not 
important in the development of 1schaemic heart 
disease but merely that their importance as predic- 
tors is ultimately overshadowed by other factors. 
The risk of a heart attack 1s twice as high in over- 
weight men as 1n lean men, but this can be attributed 
to their raised concentrations of serum total choles- 
terol and blood pressure at screening which outrank, 
in statistical terms, the presence of overweight. 
Nevertheless, it is evident that longterm overweight 
and its determinants must have been critical in the 
ultimate development of risk. We need to find better 
ways of expressing the importance of factors such as 
overweight that at present lose their importance in 
the process of multivariate analysis. 


High density lipoprotein cholesterol 


As in other prospective studies, the risk of a heart 
attack in British men with the lowest concentrations 
of HDL cholesterol ( « 0-93 mmol/l) is twice that in 
men with higher concentrations (» 1 06 mmol/l). 
HDL cholesterol is negatively associated with ciga- 
rette smoking and with non-HDL cholesterol, both 
of which have much stronger positive associations 
with the risk of major ischaemic heart disease events. 
Thus in multivariate analysis, HDL cholesterol does 
not emerge as having independent predictive abil- 
ity.!? Although at first sight this seems at odds with 
the importance accorded to HDL cholesterol by 
other workers, comparison with six other prospec- 
tive studies suggests that the findings of the British 
Regional Heart Study are similar to those of almost 
all other studies. All show that HDL cholesterol 
concentrations are lower in men with ischaemic 
heart disease than in other men, but only in Tromso, 
the first and the smallest of the studies, 1s the effect 
a striking one. It seems likely that closer attention to 
the concurrent effect of other factors on HDL cho- 
lesterol and on the risk of ischaemic heart disease 
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may reduce the predictive importance of HDL cho- 
lesterol in these studies. The response to these “‘dis- 
crepant” findings has been vigorous, and criticism 
has been focused on the precision of measurement of 
HDL cholesterol and other methodological 
issues.!? !^ In reply, attention has been drawn to the 
internal consistency of the data, with HDL choles- 
terol in the British Regional Heart Study showing 
the same relation to alcohol, smoking, body mass 
index, triglyceride, and non-HDL cholesterol as 
seen in other studies.!* There is no doubt that low 
HDL cholesterol is a risk factor for ischaemic heart 
disease, albeit not an independent one, and equally 
no doubt that HDL cholesterol is a critical factor in 
lipid transport and thus in the development of 
ischaemic heart disease. What is in question 1s its 
independent ability to predict heart attacks and to 
“protect” against such events. 


Other risk factors 


Thus far, attention has been focused on the standard 
risk factors. Now that all men have completed at 
least five years follow up a further analysis of the 
considerably increased number of major ischaemic 
heart disease events allows for a full evaluation of 
other risk factors. These include family history, 
diabetes mellitus, serum glucose and uric acid con- 
centrations, personality characteristics (type A), 
physical activity, electrocardiographic findings, 
alcohol intake, respiratory disease, blood groups, 
and a wide range of biochemical and haematological 
measurements. We have already found a way of 
using the relatively simple information available on 
physical activity to derive a score that is related to 
the occurrence of heart attacks. Whether this will 
survive the rigorous assault of multivariate analysis 
remains to be seen. The data on alcohol intake are of 
particular importance because intake has been vali- 
dated against 24 biochemical and haematological 
measurements.!? Our preliminary findings do not 
support the claim that regular moderate alcohol con- 
sumption has a protective effect against 1schaemic 
heart disease. 


Risk factors and pre-existing ischaemic heart 
disease 


'There is considerable controversy about whether the 
established risk factors continue to exert an 
influence in those men in whom evidence of 
ischaemic heart disease has already developed. 
'There is no doubt that the presence of ischaemic 
heart disease in terms of angina, previous myo- 
cardial infarction, or electrocardiographic abnor- 
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malities (ischaemia, infarction) constitutes a consid- 
erable risk for a subsequent major event. Logically, 
therefore, the independent predictive role of the risk 
factors (serum total cholesterol, smoking, blood 
pressure) must be proportionately reduced in those 
with pre-existing ischaemic heart disease. In’ the 
British Regional Heart Study men with and without 
pre-existing ischaemic heart disease who became 
“cases” (that is manifested major ischaemic heart 
disease events) had similar levels of risk factors, 
which suggests that these factors continue to exert 
an influence in all subjects.!! Furthermore, men 
with pre-existing ischaemic heart disease who did 
not become ‘‘cases”’ had lower levels of systolic and 
diastolic blood pressure, body mass index, serum 
total cholesterol, trigylcerides, and percentage cur- 
rent cigarette smokers and higher concentrations of 
HDL cholesterol than men with pre-existing 
ischaemic heart disease who became ''cases". When 
the men with and without pre-existing ischaemic 
heart disease were separated, multivariate analysis 
showed that some established risk factors (total cho- 
lesterol, blood pressure) continued to make an 
important independent contribution to risk. This 
mmphes that attenuon to these risk factors could be of 
importance ın reducing subsequent risk in men who 
already have evidence of heart disease. Support for 
this concept is found in the Belgian Heart Disease 
Prevention Project, where the results of multi- 
factorial intervention were strikingly more effective 
in men with electrocardiographic evidence of 
ischaemia at baseline examination than in men with 
a normal electrocardiogram at baseline.!$ 


Ischaemic heart disease without risk factors? 


A view that is widely held by cardiologists is that 
they see many patients with major ischaemic events 
who do not have identifiable risk factors. In the Brit- 
ish Regional Heart Study at least a twofold indepen- 
dent increase in risk was associated with any one of 
the following criteria: (a) serum total cholesterol 
>6mmol/l, (b) systolic blood pressure 
2148mmHg or diastolic blood pressure 
293mm Hg, or (c) current cigarette smoking. Only 
five of the 202 cases of 1schaemic heart disease had 
none of these risk criteria and in over two thirds at 
least two criteria were present.!! Of the five men 
with none of the above criteria present, three had 
evidence of pre-existing ischaemic heart disease. 
The belief that major ischaemic heart disease occurs 
not infrequently in the absence of identifiable risk 
factors 18 perpetuated by a failure to recognise that 
even moderate increases in blood lipids and blood 
pressure carry an excess risk of ischaemic heart dis- 
ease, especially if a man smokes cigarettes. 
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The ultimate aim of the British Regional Heart 
Study is to help to reduce the impact of ischaemic 
heart disease on our society, and currently a major 
issue is what action should we take in response to the 
current epidemic of ischaemic heart disease. 
Although there is growing agreement that many 
major changes in lifestyle are required, with changes 
in diet, cigarette smoking, and physical activity, 
there is an awareness that such changes as we are 
likely to make in the foreseeable future are unlikely 
to lead to dramatic or immediate changes in our 
present high rates of ischaemic heart disease mor- 
tality. We have therefore used the British Regional 
Heart Study data to explore the possibility of identi- 
fying those at highest risk of major ischaemic heart 
disease events, so that they may receive appropriate 
medical care. A relatively simple method has been 
devised which does not require measurement of 
blood lipids or electrocardiography and can be 
readily carried out on an opportunistic basis in gen- 
eral practice and in other situations, including cardi- 
ology clinics.!? All that is required is a knowledge of 
whether the man has been told by a doctor that he 
has ischaemic heart disease (angina, myocardial 
infarction) or diabetes or both and whether a parent 
has died of “‘heart trouble”. In addition, blood pres- 
sure and the number of smoking years need to be 
determined. From this information a score can be 
calculated and compared with various cut off points 
derived from the British Regional Heart Study. This 
system will identify a group of men, the top 20% of 
the overall risk score distribution, in which more 
than half of the new episodes of major ischaemic 
heart disease taking place in the five years after 
screening will occur. Addition of serum total choles- 
terol and electrocardiographic findings to this score 
only slightly improves the identification of high risk 
men and greatly increases the cost and effort of 
screening. It is considered that this strategy of iden- 
tifying high risk people will be a useful complement 
to the population approach of changing life styles, 
and will help to prevent premature deaths and to 
increase public and professional awareness of the 
size of the problem and the need for preventive 
action. 


Geographical variations in ischaemic heart 
disease 


Some of the initial impetus for the British Regional 
Heart Study came from a concern that the quality of 
drinking water (for example its hardness) was an 
important and potentially modifiable risk factor in 
ischaemic heart disease and one which might 
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account for the considerable regional variation in 
mortality from ischaemic heart disease. We have 
shown that water hardness is independently associ- 
ated with ischaemic heart disease mortality rates to 
about the same extent as temperature, rainfall and 
socioeconomic status.!? The magnitude of the effect 
‘is small compared with the effects of other risk fac- 
tors such as cigarette smoking or blood pressure. 
Although the water story plays some small role in 
regional variations in ischaemic heart disease mor- 
tality, such variations are explained to a greater 
extent by the regional differences in cigarette smok- 
ing and blood pressure levels.!? 

One of the most interesting findings in the British 
Regional Heart Study has been the difference in 
mean blood pressure levels between towns. This is 
associated with corresponding differences in the 
rates of systolic and diastolic hypertension, of 
doctor-diagnosed hypertension, and of regular treat- 
ment for high blood pressure. The reasons for 
differences in blood pressure levels and rates of 
hypertension between communities has usually been 
explored on an international basis and this leads to 
major methodological problems. The nomads of 
northern Kenya and the highlanders of New Guinea 
(with low blood pressures) differ from the inhab- 
itants of New York or London (with high blood 
pressures) in too many ways to allow causality to be 
readily attributed to any of the differences observed 
between these very disparate groups. The British 
Regional Heart Study provides an opportunity to 
explore the inter-town differences within Britain. 
The intention is to determine at what age the blood 
pressure levels in these different communities div- 
erge from-one another and what factors, personal or 
environmental, feature in this divergence. 


Conclusion 


There have been remarkable achievements in both 
the medical and surgical aspects of cardiology that 
excite the imagination and stir enthusiasm for fur- 
ther high technology developments. 'T'o suggest that 
these achievements are irrelevant to the persistently 
high incidence of ischaemic heart disease seems 
ungrateful. Attempts to prevent ischaemic heart dis- 
ease do not inspire the same fervour; there are no 
immediate rewards for individuals or communities. 
The outcome of any prevention policy is likely to be 
a very gradual decrease in a risk that has become 
accepted as normal. There will be no moment for 
flags or trumpets. In media terms, a man with a 
transplanted heart far outranks the unidentifiable 
man who has avoided a heart attack because of pre- 
ventive measures. 

There is no simple answer to the prevention of 
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ischaemic heart disease and each country will 
encounter different problems, depending on the dis- 
tribution of the major risk factors and on varying 
public and professional attitudes. Each country 
needs to establish the magnitude and the nature of 
its own ischaemic heart disease problem, although it 
will derive considerable benefit from the experience 
and findings of studies carried out elsewhere. The 
evidence accumulating from all sources strongly 
suggests that the standard risk factors, serum total 
cholesterol, cigarette smoking, and blood pressure, 
play an overwhelming role in determining the inci- 
dence of ischaemic heart disease. Attempts to reduce 
the incidence by lowering serum total cholesterol or 
blood pressure in middle aged men, however, have 
met with limited success and certainly do not inspire 
doctors to vigorous action. The natural history of 
ischaemic heart disease strongly implicates the 
duration of exposure to the risk factors, and it seems 
likely that major changes in the incidence of 
ischaemic heart disease may require major changes 
in diet, smoking behaviour, and physical actvity 
from an early age, as well as the prevention of hyper- 
tension. If we are to achieve these major changes, a 
sound national data base on risk factors for 
ischaemic heart disease is required in order to 
influence the public, doctors, and other profession- 
als in their clinical and community work, and the 
legislators and administrators who provide and 
manage our resources. The data base may change 
from time to time, so that reassessment at regular 
intervals may be necessary. Attempts are being 
made to do so through the Monica studies?’ and 
through the Scottish Heart Health Study and Heart- 
beat Wales. All of these will contribute to a better 
understanding and to decisions on appropriate 
action. 
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Untreated heart failure: clinical and neuroendocrine 
effects of introducing diuretics 
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SUMMARY The clinical and neuroendocrine response to diuretic treatment was assessed at rest 
and on exercise in 12 patients with heart failure. Before treatment all patients were limited by 
breathlessness on exercise; one was oedematous. Plasma renin activity and aldosterone were 
normal but plasma noradrenaline was raised both at rest and on exercise. After one month’s 
treatment with frusemide (40 mg) and amiloride (5 mg) weight was significantly reduced by a 
mean of 3-5 kg and exercise capacity had doubled. Plasma noradrenaline fell to normal at rest but 
remained abnormally raised on exercise. Plasma renin activity and aldosterone increased 
significantly both at rest and on exercise. 

Diuretics bring about a considerable clinical improvement in patients with chronic heart failure 
but they stimulate the renin-angiotensin system. Activation of the renin-angiotensin system in 
moderate heart failure occurs as a response to diuretic treatment rather than as a result of the 
disease process itself. 


Although diuretics are widely used in the treatment amiloride). The purpose of the study was to deter- 
of chronic heart failure, the initial effects of treat- mine whether neuroendocrine systems were acti- 
ment have rarely been studied. In recent years the vated in untreated heart failure or whether 
importance of the neuroendocrine response to heart activation was secondary to treatment. 
failure has been emphasised and many trials have 
been undertaken with drugs that oppose activation Patients and methods 
of the sympathetic and renin-angiotensin systems. 
Angiotensin converting enzyme (ACE) inhibitors in Twelve patients (mean age 59 years (range 22-75), 
particular have been shown to be beneficial in five female) were studied. The aetiology of heart 
patients with moderate to severe heart failure failure was coronary artery disease without recent 
already treated with diuretics.’ Diuretics are known myocardial infarction in six patients, dilated cardio- 
to activate the renin-angiotensin system; so a raised myopathy in five, and mitral valve disease in one. No 
renin activity in patients with heart failure may bea patient had hypertensive or renal disease. 
consequence of treatment rather than of heart failure All patients had been referred with breathlessness 
itself. The benefit of ACE inhibitors may occur on moderate exertion (New York Heart Association 
partly because these drugs offset this effect of di- class II-III) but had received no treatment. Patients 
uretics. had had symptoms for between one and six months 
We have studied untreated patients presenting The patient with mitral valve disease had been on 
with breathlessness due to chronic heart failure and digoxin for control of atrial fibrillation, and the drug 
have assessed clinical and neuroendocrine variables was continued. No other cardiac drugs were being 
at rest and on upright exercise before and one month taken by these patients. Five patients had sinus 
after the introduction of diuretics (frusemide and tachycardia at rest. The jugular venous pressure was 
elevated in four and a third heart sound was heard in 
HER re ee ee eee seven. Mild pitting ankle oedema was present in one 
Se. sont TEPIS I9 25 TOIOSSOT: Sole w son; œ- patient. Four patients were in atrial fibrillation. All 
thoracic Institute; 2 Beaumont Street, London WIN 2DX. patients had cardiomegaly by chest xray (cardio- 
Accepted for publication 15 September 1986 thoracic ratio 7 0:55) or increased left ventricular 
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end systolic diameter (>5-5cm) by echo- 
cardiography. All patients had radiological evidence 
of pulmonary venous hypertension. 

Patients were initially assessed after resting for at 
least one hour. Four patients had been admitted to 
hospital. The remainder were studied as outpatients. 
Nude weight was measured. Heart rate was deter- 
mined from an electrocardiogram. Venesection for, 
neuroendocrine measurements was performed with 
the patient supine (see below). Patients performed a 
maximal treadmill exercise test at low workloads 
that increased in six-minute stages.? The electro- 
cardiogram was observed continuously and venesec- 
tion was repeated at maximal exercise. One patient 
was unable to walk on the treadmill because of 
breathlessness. 

Treatment with frusemide 40mg and amiloride 
5 mg (Frumil 1 tablet) once daily was started. In- 
patients were discharged after treatment. All pa- 
tients were reviewed after four weeks. One patient 
suffered a transient cerebral ischaemic attack and 
was not restudied. The remaining 11 patients were 
reassessed on treatment at least four hours after their 
medication. Clinical and neuroendocrine mea- 
surements were made at rest and after maximal 
treadmill exercise. The exercise test was not re- 
peated in the patient who had been unable to walk on 
the treadmill. 

Venous blood for neuroendocrine measurements 
was taken into chilled tubes, centrifuged immedi- 
ately, and the plasma stored at —70?C until assay. 
Plasma renin activity and aldosterone were mea- 
sured by radioimmunoassay,>* (normal 
0-5-2-5 ng/ml/h (0:39-1-9 nmol/l/h) and 100600 
pmol/l respectively). Plasma noradrenaline was 
measured by radioenzymatic assay, with a 
modification of the method of Henry etal (normal 
range 200-800 pg/ml (1-2-4 7 nmol/1)).5 
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Mean values (SE) are given for weight, heart rate, 
and exercise time. Hormonal values were distributed 
normally only after logarithmic transformation, so 
geometric means (95% confidence limits) are given 
for these results. Statistical analysis was by analysis 
of variance. 


Results 


The clinical features of patients before treatment 
have been described above. After one month of 
treatment with diuretics the signs of heart failure 
were no longer present. In no patient was the jugular 
venous pressure elevated or an additional heart 
sound heard. Weight was reduced by a mean of 
3-64kg (p = 0-0003) (table). Resting heart rate fell 
(p = 0-03). Heart rate at maximal exercise remained 
unchanged. Mean maximal treadmill time before 
treatment was 9-1 min, corresponding on our exer- 
cise protocol to an oxygen consumption of approxi- 
mately 17 ml of oxygen/kg/min. treadmill 
exercise time increased by 93% (p = 0-007) (fig 1). 
Whereas all patients had been limited by breath- 
lessness on exercise before treatment, five patients 
were limited more by fatigue than by breathlessness 
when they exercised on treatment. 

Plasma renin activity and plasma aldosterone in 
untreated patients were normal both at rest and at 
maximal exercise, but these values increased to 
abnormal concentrations after diuretic treatment 
(p < 0-0007) (table and figs 2 and 3). Plasma nor- 
adrenaline in untreated patients was raised at rest 
and at maximal exercise. After diuretic treatment 
plasma noradrenaline fell to normal at rest (p = 
0-005), but remained abnormally raised on exercise 
(table and fig 4). The reduction in resting heart rate 
during diuretic treatment correlated with the reduc- 
tion in resting plasma noradrenaline (r = 0-64, p = 


| 
Table Climcal measurements (mean ( SE))* and hormonal values (geometric mean (95% confidence interval) )t before 
and after one month's treatment with frusemide 40 mg and amiloride 5 mg 








Before diuretics After diuretics 
Rest: n = 12 Rest: n = 11 
Variable Exercise: n = 11 Exercise: n = 10 
Body weight* (kg) 72 4 (30) 68 5 (3 6) 
Heart rate* (beats/min): 
Rest 89 (5) 75 (2) 
Exercise 143 (5) 145 (4) 
ene ume* (min) 91(20) 17 6 (23), 
Plama renun activityt (ng/mlh): 
11 051) 42 (2:7, 6-6) 
psum 25(15,42 11 3 (6 0, 212) 
Plasma aldosteronet (pmol/l) 
Rest 169 (122, 235) 488 GAs, 690) 
Exercise 223 (165, 301) 737 (556, 978) 
Plasma noradrenalinet (pg/ml) g 
Rest 712 (556, 912) 430 (336, 552) 
Exercise ~ 1865 (1350, 2576) , 1421 (1075, 1879) 


Conversion: traditional units to SI plasma renin activity 1ng/ml/h 


= 0 771 nmol/l/h; plasma noradrenaline: 1 pg/ml = 5 9 pmol/l. 
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Duration of exercise (min) 


Before After. 
diuretic 
(n s11) (nz10) 


Figl Maximal treadmill exercise time in patients before 
and after diuretic treatment 


(ng/ml/h) 


Plasma renin activity 


Before After Before After. 
diuretic diuretic 
- (nz) (n=11) (n=) (n=10) 


Fig2 Plasma renin acttvity at rest (a) and at maximal exercise (b) in patients before and after diuretic treatment. 
~- so Conversion: traditional units to.SI—renin: teng{ml{h = 0-771 nmol]l|h. 
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Fig 3 Plasma aldosterone at rest (a) and at maximal exercise (b) in patients before and after diuretic treatment. 
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Fig 4 Plasma noradrenaline at rest (a) and at maximal exercise (b) in patients before and after diuretic treatment. 
Conversion: traditional units to SI—noradrenalme: 1 pg/ml = 5-9 pmol/l. 


0:03), suggesting that plasma noradrenaline values from those with dilated cardiomyopathy before 
were a measure of the degree of sympathetic activa- treatment, and the response to diuretic treatment 
tion. was similar. In the patient with mitral valve disease, 

Neuroendocrine variables in patients with heart plasma renin activity fell after diuretic treatment 
failure due to coronary artery disease did not differ both at rest and on exercise, though plasma al- 
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dosterone was increased by diuretic treatment in this 
patient. 


Discussion 


In an early study of the hormonal response to 
chronic heart failure, Brown et al found that nine out 
of 13 patients with untreated left ventricular failure 
had normal or low plasma renin activity at rest. Our 
study provides further evidence that not all 
untreated patients in heart failure have raised 
plasma renin activity or aldosterone concentrations 
at rest. We have also shown that the stimulus of 
maximal upright exercise causes only a modest 
increase in these hormones. 

It is probable that the untreated patients in the 
present study had expanded circulatory volumes, as 
suggested by elevation of the venous pressure in 
four, peripheral oedema in one, and a loss of weight 
of more than 3 kg on treatment. In the presence of 
such circulatory expansion the finding of values for 
plasma renin activity at the upper end of the normal 
range does suggest some activation of this system. 
The present patients had only “moderate heart fail- 
ure". In more severe untreated heart failure it is pos- 
sible that activation of the renin-angiotensin system 
might be greater, but most previous studies showing 
significant activation of the renin-aldosterone sys- 
tem in heart failure are difficult to interpret as they 
have been undertaken in patients who not only had 
severe heart failure but were also being treated with 
diuretics. In such cases, raised concentrations of 
plasma renin and aldosterone could be due to the 
heart failure itself, to diuretic treatment, or to both. 

In the present study plasma noradrenaline was 


raised both at rest and on exercise in untreated ' 


patients. Activation of the sympatbetic system, as 
assessed by plasma noradrenaline concentration, 
appears to relate to the degree of left ventricular dys- 
function in heart failure./? In our patients with 
“moderate” heart failure the increase in plasma nor- 
adrenaline was not associated with an increase of 
plasma renin activity, suggesting that the earliest 
neuroendocrine response to heart failure is activa- 
tion of the sympathetic system alone. 

Diuretic drugs are firmly established as the initial 
treatment for patients with chronic heart failure. Yet 
few studies have reported the long term effects of 
starting such treatment. In the only trial that has 
assessed patients on exercise, Stampfer et al found 
that the use of thiazide diuretics in patients with 
established heart failure caused a diuresis of 3-4 kg, 
resulting in clinical improvement and a slight 
increase in exercise capacity.” In Stampfer eral's 
study cardiac output was reduced at rest (—20%) 
and on exercise ( — 10%) in all patients and this was 
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attributed to a fall in ventricular filling pressure.? 
The ventricular filling pressure was reduced either 
as a result of venodilatation or because of a reduced 
circulating volume secondary to a diuresis. Several 
other studies!°~!? have demonstrated similar short 
term haemodynamic effects at rest. Such reduction 
in cardiac output with the use of diuretics is often 
associated with immediate stimulation of the renin- 
angiotensin system.!? Ikram er al*, Nicholls er a]!5, 
and Knight eral! have shown that renin, angio- 
tensin, and aldosterone continue to increase over 
several days as “‘dry weight" is achieved and cardiac 
output falls. 

The present study has shown that the intro- 
duction of frusemide with amiloride in patients with 
untreated heart failure caused a pronounced increase 
in plasma renin activity and aldosterone at rest and 
on exercise. Despite this stimulation of the renin- 
angiotensin-aldosterone system there was clinical 
improvement and an increase in exercise capacity 
over a period of one month. Clinical improvement 
was associated with a reduction in sympathetic 
activity and plasma noradrenaline at rest but not on 
exercise. 

Our study is complementary to that of Stampfer 
et al? on the effects of thiazide diuretics in heart fail- 
ure. Although we did not make haemodynamic mea- 
surements, it is likely that the haemodynamic effects 
of treatment were similar to those reported by 
Stampfer et a, with reductions in left ventricular 
filling pressures and cardiac output at rest and on 
exercise. The initial improvement of breathlessness 
and increase in exercise capacity in our patients may 
have been due to relief of pulmonary congestion, but 
other mechanisms may be important in the longer 
term because breathlessness and maximal exercise 
capacity do not in general correlate with left ventric- 
ular filling pressure!" in patients with chronic heart 
failure treated with diuretics. An alternative expla- 
nation for the increase in exercise capacity would be 
that despite an overall reduction in cardiac output, 
the diuresis brought about a greater fall in arteriolar 
resistance in skeletal muscle on exercise and thus 
increased muscle blood flow. 

These results have an important clinical impli- 
cation. It is possible that a further increase in exer- 
cise capacity might have been achieved in these 
untreated patients if an angiotensin converting 
enzyme inhibitor had been prescribed with the 
diuretic to limit the increase of renin activity. Pre- 
vention of the diuretic induced stimulation of the 
renin-angiotensin system may be important in the 
long term management of chronic heart failure, 
since stimulation of the renin-angiotensin system, 
causing vasoconstriction and fluid retention, is 
deleterious to the failing heart and circulation.!? !? 
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Pd 
The obvious clinical benefits of diuretics in 
‘chronic heart failure may mask more subtle, possibly 
‘adverse, neuroendocrine changes, which may have 
important long term consequences in the 
progression of the disease process itself. 
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The acute inflammatory response to myocardial 
infarction: imaging with indium-111 labelled 
autologous neutrophils 


D BELL,* M JACKSON,* AM MILLAR,{ J J NICOLL,+ M CONNELL,* 
A L MUIR* 


From the * Departments of Medicine, t Medical Physics, and {Radiopharmacy, Royal Infirmary, Edinburgh 


SUMMARY The uptake of indium-111 labelled neutrophils was examined in 30 patients with 
acute myocardial infarction by planar imaging and single photon emission computed tomo- 
graphy. The time from venepuncture to reinjection of the autologous labelled neutrophils was 
«2:5 hours and imaging was carried out 24 hours later. Twenty three patients had a positive 
uptake of neutrophils in the myocardium and imaging was improved by single photon emission 
computed tomography. There was a significant difference between the intervals from the onset of 
chest pain to injection of labelled neutrophils between patients with positive and negative images; 
early reinjection was more likely to produce a positive image. Indeed, all nine patients reiniected 
within 18 hours of the onset of symptoms had positive images. 

The results suggest that the stimulus for activation and migration of neutrophils is transient; 
this is an important factor if neutrophil release products play a role in cell damage after coronary 
occlusion. 


After myocardial infarction, myocardial cell death detect uptake of labelled cells in three patients with 
and damage produce an acute inflammatory acute infarction.’ The time of injection of labelled 
response characterised by the migration of neutro- cells may be of importance, however, because 
phils into the area of infarcted muscle. Histological Davies and colleagues obtained positive images 
examination shows neutrophil infiltration into the when the time to reinjection was short.® They also 
infarcted area within 24 hours and the response is — found that positive images were more likely in 
maximal at 4-5 days.'* As part of the inflammatory younger patients. 
response, neutrophils release oxygen derived free We have used ''!'In labelled autologous 
radicals and proteolytic enzymes that in certain cir- neutrophils in 24 patients with acute myocardial 
cumstances may increase tissue injury. To date, the infarction. Our results confirm the importance of 
neutrophil has been implicated in damage to pul- early injection of the neutrophils in obtaining a posi- 
monary capillaries in adult respiratory distress syn- — tive image. We also found that reconstructiona! 
drome and may also contribute to the pathogenesis imaging from single emission photon computed 
of emphysema. No definite role has been established ^ tomography can be used to resolve difficulties in the 
for the neutrophil extending myocardial damage in interpretation of planar imaging. 
man, but in animal models of myocardial infarction, 
infarct size can be limited by neutrophil Patients and methods 
inhibition.? + 

Although experimental studies have shown PATIENTS 
uptake of indium-111 ('"'In) labelled neutrophils in We studied 30 patients with a diagnosis of acute 
infarcted myocardium? studies in man have pro- myocardial infarction based on a history of pro- 
duced conflicting results. McDougall eral did not — longed ischaemic chest pain (> 30 minutes), electro- 
cardiographic changes associated with myocardial 
infarction, and a rise in serum creatine kinase to at 
least twice the upper limit of normal. Ali gave 
Accepted for publication 30 September 1986 informed consent, and the study had the approval of 
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our institute's ethical committee. Table 1 shows 
patient details and a full record of the drugs admin- 
istered within the first 24 hours of myocardial 
infarction. 


PREPARATION OF '''IN LABELLED 
NEUTROPHILS 

Autologous neutrophils were separated from whole 
venous blood and labelled with !''In-oxine." We 
used an aseptic technique to withdraw whole blood 
(60 ml) into a syringe containing 300 units of pre- 
servative free heparin. Duplicate samples (25 ml) of 
blood were layered over 12ml of mono-poly 
resolving medium (Flow laboratories) in a sterile 
tube and centrifuged at 400g for 60 minutes. This 
produced a top plasma layer, two distinct cell bands, 
and a red cell pellet. We collected 8 ml from the top 
plasma layer and centrifuged it at 1000g for 10 
minutes to obtain platelet poor plasma. The remain- 
ing plasma and upper cell band were discatded and 
the neutrophils were recovered from the lower cell 
band. The neutrophils were washed by diluting the 
recovered cell suspension to 40 ml with phosphate 
buffered saline pH 7-4, centrifuging at 400g for 10 
minutes, and discarding the supernatant. The cell 
pellet was resuspended in 10 ml phosphate buffered 
saline and 1 ml of !! In-oxine solution (20-40 MBq) 
was added drop by drop to the suspension of neu- 
trophils. After incubation at room temperature for 
15 minutes, 3 ml platelet poor plasma was added and 
the cell suspension was centrifuged at 250g for 10 
minutes. The supernatant was discarded, the neu- 
trophil cell pellet was resuspended to a total volume 
of 5 ml with equal parts of phosphate buffered saline 
and platelet poor plasma and the labelled cells were 
then ready for reinjection. 


Table 1 
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PATIENT IMAGING 

All patients were injected at a fresh site with '''In 
labelled autologous neutrophils within two and a 
half hours of the initial venesection. Preliminary 
studies had suggested that the optimal time for 
imaging was 24 hours after the injection of labelled 
neutrophils and we used this imaging time in all our 
patients. Thus the earliest imaging time for any 
patient was 36 hours after the onset of chest pain and 
the latest was 57 hours. Each patient was imaged 
while supine and planar images were acquired in the 
anterior, left anterior oblique, and left lateral posi- 
tion for 100000 counts with a gamma camera 
(GE400 AT). In 24 patients single photon emission 
computed tomography was performed with the same 
gamma camera linked to a DEC PDP11/23+ com- 
puter that used locally written software. Ten 
minutes before the single photon emission 
computed tomography study, 40MBq of 
technetium-99m (??"Tc) human serum albumin 
was administered to allow blood pool imaging. A 
sequence of 64 simultaneous images of """Tc and 
In was then acquired as the head of the gamma 
camera rotated through 180°, starting in the right 
anterior oblique position. The total imaging time 
was 32 minutes. At the end of this period 
computerised reconstruction of the images was 
performed. 


IMAGE INTERPRETATION 

An observer who was unaware of electro- 
cardiographic findings or the maximum creatine 
kinase rise graded planar and single photon emission 
computed tomography images as positive (in which 
indium activity was clearly seen in the region of the 
heart) or negative (where there was no detectable 


Patient details and results of imaging with indium-111 labelled autologous neutrophils 


RAN need 


Positive image 


Negative image Statistical 





in = 23 (n = 7} significance 

Age (years) 62-0 (10-8) 59-8 (9-4) NS (1) 
Sex (6F; 17M) QF; 5M) NS (2) 
Location of acute myocardial 

infarct 10 inf: 13 ant 3 inf: 4 ant NS (2) 
Interval from onset of chest pain to 

injection of '!! In neutrophils (h) 20:3 (6:4) 27-6 (5:8) p < 0-02 (3) 
Peak creatine kinase (u/l) 2023-5 (916-0) 1825 (1214-0) NS (1) 
Total leucocyte count (10*/1) 12:9 (3:2) 125 (3:4) NS (1) 
Number of neutrophils injected ( x 105) 2-7 (0-9) 2-6 (0-7) NS (D 
Activity of !!' In administered (MBq) 32-8 (8:4) 29-4 (8-2) NS (1) 
Drugs administered: 

Non-steroidal anti-inflammatory drugs 5 1 

Lignocaine 2 3 

Calcium antagonists 1 2 

Nitrates 7 1 


pM MUN ££ £M£ME£EE— LL cnl 


All values are shown as mean (SD). 
(1) Unpaired r test. 

(2) Exact probability test. 

(3) Unpaired Wilcoxon rank sum test. 
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activity or where there was an area of activity on 
planar imaging that was inseparable from the liver, 
spleen, or ribs). Dual isotope single photon emission 
computed tomography images were considered to be 
positive when indium activity was seen in all three 
reconstruction views and corresponded with the 
99"'T'c blood pool image. 


STATISTICAL ANALYSIS 

Data from the groups were compared by means of an 
unpaired z test, exact probability test, or unpaired 
Wilcoxon rank sum test as appropriate. Values of 
p > 0:05 were regarded as not significant. 


Results 


In 23 of the 30 patients with acute myocardial 
infarction there was uptake of '''In labelled 
neutrophils within the myocardium. Three patterns 
of cardiac uptake were seen*: focal myocardial 
uptake (12 patients), diffuse myocardial uptake (3 
patients), and “doughnut pattern" (3 patients). 
Figure 1 shows an example of myocardial uptake. 
Planar images from all patients were graded as 
unequivocally positive or negative. In six patients in 
whom the planar images were considered to be nega- 
tive, single photon emission computed tomography 
reconstruction showed localised uptake within the 
myocardium (fig 2). In addition, dual isotope single 
photon emission computed tomography recon- 
struction improved anatomical localisation of the 
infarct by confirming uptake corresponding to the 
cardiac blood pool (fig 3). There is a significant 
difference between the intervals from onset of chest 
pain to injection of labelled neutrophils in the 
groups with positive and negative images (p « 0-02) 
(table 1). Furthermore, all patients reinjected within 
18 hours had positive images whereas positive 
images were increasingly less common in those 
injected at progressively later intervals. Other 
features such as age, sex, peak creatine kinase, 
peripheral white blood cell count, dose of '!'In 
administered, and drug treatment did not influence 
the imaging results (table 1). 


Discussion 


This study confirms that '''In labelled autologous 
neutrophils can be used to image the inflammatory 
response to acute myocardial infarction in man. The 
increased frequency of positive images in this study 
(77°, compared with the 58°, as previously 
described?) is in part related to earlier reinjection of 
!!!In labelled neutrophils after the onset of chest 
pain. This suggests that the stimulus for activation 
and migration of neutrophils to the area of myo- 


cardial damage is transient. This temporal relation 
may be of particular relevance because of the current 
interest in reducing the extent of myocardial damage 
after myocardial ischaemia or infarction by the use 
of intravenous thrombolytic treatment!" !! or the 
potential for the administration of lipoxygenase or 
cycloxygenase inhibitors.* 

Thrombolytic treatment can produce. coronary 
reperfusion and hence it could improve myocardial 
salvage, but it may result in other events which in 
themselves are potentially harmful.'? In particular, 
if the inflammatory response is exaggerated as a 
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Spleen 


Liver 


Figl Planar image in the left anterior oblique view 
showing normal uptake of !! In labelled neutrophils in the 
liver and spleen and diffuse uptake in the region of the heart 
with an area of focal uptake in the inferior wall of the loft 
ventricle. The line drawing shows the areas of uptake. 
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Fig2 Anterior planar image with normal uptake in liver 
and spleen and no definite myocardial uptake (top). Single 
photon emission computed tomographic image (bottom) in the 
transverse plane showing uptake within liver and spleen and 
an area of focal myocardial uptake (arrowed). 


result of neutrophils entering ischaemic tissue in 
greater numbers after reperfusion, the activated 
neutrophils could generate a number of cytotoxic 
products including oxygen derived free radicals and 
proteolytic enzymes, which can extend myocardial 
damage.'? Both neutrophil depletion and the use of 
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Myocardium 


Fig3 Simultaneous single photon emission computed 
tomographic images in the transverse plane. The °°" Tc image 
shows blood pool in the left and right ventricle. The 
corresponding !!! In image shows extensive uptake within the 
myocardium of both ventricles. 


non-steroidal anti-inflammatory drugs have been 
shown to reduce infarct size in experimental myo- 
cardial infarction,? * and these findings may indicate 
further potential methods of improving myocardial 
salvage in the post-infarct period. 

Single photon emission computed tomography 
increased the number of positive images by allowing 
spatial separation of positive myocardial uptake of 
indium from adjacent bone, liver, and spleen. It is 
not possible to ascertain from the planar images 
whether the '!'In activity detected in the region of 
the heart is due to blood pool activity. Dual isotope 
single photon emission computed tomography with 
99" 'T'c human serum albumin as a marker of blood 
pool, however, unequivocally demonstrated that the 
lilin activity was localised in the myocardium. 
Single photon emission computed tomography, like 
pyrophosphate scans,'* may also provide a method 
of quantifying neutrophil uptake within the myo- 
cardium. 

Imaging with !''In labelled autologous neutro- 
phils in patients with acute myocardial infarction 
allows us to image the acute inflammatory response 
to myocardial damage, but should not be regarded as 
a technique for the diagnosis or localisation of acute 
myocardial infarction because other techniques are 
currently more successful. If inhibition of neutro- 
phil migration limits the extent of myocardial 











Table 2 Imaging results 
Positive images 
Number of Planar positive Planar negative 
Time (hj patients SPECT positive SPECT positive Positive images 5; 
18 9 7 2 100 
18-24 12 7 3 83 
24-36 9 3 i 44 


pnn———————————————————————————— Mns 


SPECT, single photon emission computed tomography. 
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infarction this method can be used to monitor the 
temporal relation and extent of neutrophil uptake in 
acute infarction. 


E 


References 


1 Mallory GK, White PD, Salcedo-Salgar J. The speed 
of healing of myocardial infarction. Am Heart J 
1939:18:647—71. 

2 Sommers HM, Jennings RB. Experimental acute myo- 
cardial infarction. Lab Invest 1964;12:1491—503. 

3 Romson JL, Hook BG, Rigot VH, Schork MA, 
Swanson MS, Lucchesi BR. The effect of ibuprofen 
on accumulation of indium-111-tabelled platelets 
and leukocytes in experimental myocardial infarc- 

. tion. Circulation 1982;66:1002-11. 

4 Romson JL, Hook BG, Kunkel SL, Abrams GD, 
Schork MA, Lucchesi BR. Reduction of the extent of 
ischemic myocardial injury by neutrophil depletion 
in the dog. Circulation 1983,67:1016—23. ~ 

5 Weiss ES, Ahmed AD, Thakur ML, Welch MJ, 
Coleman RE, Sobel BE. Imaging of the 
inflammatory responsc in ischemic, canine myo- 
cardium with !''indium-labelled leukocytes. Am F 
Cardiol 1977;,40:195—9. 

6 Thakur ML, Gottschalk A, Zaret BL. Imaging experi- 
mental myocardial infarction with indium-111- 
labelled autologous leukocytes: effect of infarct age 
and residual regional myocardial blood flow. Circu- 
lation 1979,60:297—305. 


7 McDougall IR, Baumert JE, Lantieri RL. Evaluation 
of ‘In leukocyte whole body scanning. Am 7 
Roentgenol 1979;133:849—54. 

8 Davies RA, Thakur ML, Berger HJ, Wackers FJT, 
Gottschalk A, Zaret BL. Imaging the inflammatory 
response to acute myocardial infarction in man using 
indium-111-labelled autologous leukocytes. Circu- 
lation 19815;63:826—32. 

9 Bell D, Millar AM, McGillivray M, Muir AL. The 
preparation and in-vivo behaviour of '''In-oxine 
labelled neutrophils separated from whole blood 
using mono-poly resolving medium. Nucl Med 
Commun 198657:447—52. 

10 Mathey DG, Kuck KH, Tilsner V, Krebber HJ, 
Bleifeld W. Nonsurgical coronary artery recanaliza- 


11 Been M, de Bono DP, Muir AL, Boulton FE, Hillis 
WS, Hornung R. Coronary thrombolysis with intra- 
venous anisoylated plaminogen-streptokinase com- 
plex BRL 26921. Br Heart J 1985;53:253-9. 

12 Braunwald E, Kloner RA. Myocardial reperfusion: a 
double-edged sword? 7 Clin Invest 1985;76:1713-9. 

13 Werns SW, Shea MJ, Lucchesi BR. Free radicals and 
myocardial injury: pharmacologic implications. Cir- 
culation 1986574: 15. 

14 Jansen DE, Corbett JR, Wolfe CL, et al. Quantification 


measurements. Circulation 1985;72:327--33. 


Br Heart J 1987;57:28—31 


Fever after acute myocardial infarction in patients 
treated with intravenous timolol or placebo 


CECILIE RIS@E, OLE J KIRKEBY, PER GROTTUM, MAGNUS SEDERHOLM, 
JOHN K KJEKSHUS 


From the Department of Medicine, Baerum Hospital, Baerum, Norway 


SUMMARY Body temperature was studied in 65 patients admitted to hospital within four hours of 
the onset of symptoms of acute myocardial infarction. Thirty three patients had been randomly 
assigned to intravenous timolol treatment and 32 to placebo treatment. Infarct evolution was 
assessed by continuous vectorcardiography and creatine kinase release. Maximum and mean 
temperatures during the first eight days were significantly lower in the timolol group, who were 
discharged from hospital one day earlier. Eight patients in the placebo group had temperatures of 
>39° compared with one in the timolol group. Both the mean temperature and the maximum 
temperature correlated significantly with indices of infarct size and ischaemic area as estimated by 
cumulative creatine kinase release, QRS vector difference, and ST vector magnitude. The results 
were consistent with the view that reduction of infarct size may partly explain the reduced pyrex- 
ial response after timolol treatment. Other mechanisms are probably also involved in larger 
infarcts. Because high fever has detrimental haemodynamic effects in acute myocardial infarction, 
reduction of this response may be beneficial. The results support the early use of f adrenoceptor 
blockade in acute myocardial infarction. 


Fever during acute myocardial infarction is a com- also examined the relation between the increase in 
mon finding. Body temperature mses on average body temperature and vectorcardiographic and 
more than 1?C.! The effect of raised temperatures enzymatic indices of the 1schaemic injury. 
during infarct evolution has not attracted much 
attention but may, nevertheless, be clinically Patients and methods 
important. Fever increases heart rate, cardiac work 
load, metabolic rate, and overall oxygen con- Patients of either sex admitted to hospital within 
sumption. A strong pyrexial response to acute myo- four hours of the appearance of symptoms of a first 
cardial infarction might therefore be deleterious to myocardial infarction were considered for inclusion 
the jeopardised myocardium. in the study. Exclusion criteria were: bradycardia of 
In a preliminary study we suggested that treat- <50 beats/min, hypotension (systolic blood pres- 
ment with the f! adrenoceptor blocker timolol sure <100mm Hg), rales more than 10 cm above the 
reduces the pyrexial response to acute myocardial diaphragm, bronchial obstruction, atrioventricular 
infarction.! We have confirmed this finding in the block of any degree, QRS duration >0-11 second, 
present prospective, randomised, double blind, and concurrent treatment with other cardioactive 
placebo controlled, multicentre study in which tim- drugs. The study included 144 patients in nine 
olol or placebo was given intravenously within five hospitals who were randomly assigned within each 
hours of the onset of suspected myocardial centre to double blind treatment with timolol male- 
infarction. Because the study was designed to eval- ate, given intravenously as two bolus injections of 
uate the effect of timolol treatment on infarct size we 1mg, or to an equal volume of saline, followed by a 
constant infusion of 0:-6mg timolol per hour or 
Requests for reprints to Dr Cecilie Risee, Department of Medicine, matching placebo over 24 hours. Oral treatment 
Baerum Hospital, 1316 Baerum Sykehus, Norway. (timolol 10 mg twice a day or matching placebo) was 
given for the remainder of the hospital stay. 
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Fever in myocardial infarction 


Complete temperature charts were available from 
four of the participating hospitals (Danderyd, 
Sweden; Haraldsplass, Rogaland, and Baerum; 
Norway). Temperatures in all hospitals were mea- 
sured rectally twice a day (8 am and 4 pm) with stan- 
dard clinical mercury thermometers. The mean 
temperature was the average of all temperatures 
measured (morning and afternoon) during the first 
eight days. The first temperature value obtained 
after admission was regarded as the reference value. 
Pauents on antipyretic drugs were excluded from 
the analyses in this study. 

Blood samples for creatine kinase estimation were 
obtained on admission and at two and four hours 
and then every four hours for the first 48 hours and 
thereafter every six hours for up to 72 bours. Cre- 
atine kinase was enzymatically assayed with the 
Merck creatine kinase NAC (N-acetyl-cysteine) 
kit.? The cumulative release of the enzyme was mea- 
sured according to the method developed by Shell 
etal using an individual decay constant.* The cre- 
atne kinase release curve was visually inspected 
without knowledge of the treatment group and at 
least five points on the downslope were identified for 
the calculation of the decay constant. In cases with a 
non-exponential downslope or evidence of repeated 
enzyme release a standard decay constant of 0-0576 
per hour was used. The maximum creatine kinase 
concentration was defined as the highest value 
obtained from the cumulative enzyme release curve. 

Continuous recording of the Frank orthogonal 
vectorcardiographic leads was performed for 24 
hours on analogue tape and analysed off line without 
knowledge of the treatment regimen. ST vector 
magnitude and QRS vector difference were calcu- 
lated.” The first value obtained after admission was 
regarded as the reference value. 

We used the t test, analysis of variance, y? test, 
and Pearson’s correlation coefficient to analyse the 
results. 


Results 


A total of 76 patients entered the trial from the four 
hospitals; 40 were randomly assigned to timolol and 
36 to placebo. Eleven patients regularly receiving 
antipyretic drugs were excluded from the tem- 
perature study. This left 33 patients in the timolol 
group (mean (SD) age 65 (12) years) and 32 patients 
in the placebo group (mean (SD) age 63 (11)). There 
were 26 men and seven women in the timolol group 
and 29 men and three women in the placebo group. 
Three patients in the timolol group and two patients 
in the placebo group received antibiotics during the 
early course. The mean body weights in the two 
groups were similar: 75:3kg (timolol) and 75-6kg 
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Temperature (*C) 





Fig1 


Mean morning temperature (SEM) after acute 
myocardial infarction. 


(placebo). 

Figure 1 shows the course of the morning tem- 
peratures in the timolol and the placebo groups. 
Temperature rose higher in the placebo group and 
the fever lasted for on average a day longer than in 
the timolol group. Morning temperatures remained 
above 37-3°C for 4 5 days in the timolol group com- 
pared with 5-5 days in the placebo group The 
difference in temperature was greatest on day 3 (p < 
0-05) and day 4(p < 0 025) after the infarction. The 
curve for evening temperatures lay approximately 
03°C above the morning temperatures in both 
groups and the febrile period was one day shorter for 
timolol treated patients (afternoon temperatures 
above 37-7?C for four days compared with five days 
in placebo treated patients). The maximum tem- 
peratures reached during the course of acute myo- 
cardial infarction were significantly lower in the 
timolol group than in the placebo group (p < 0-05). 
The mean temperature during the first eight days 
was significantly lower in the timolol group (p < 
0-01). Exclusion of patients treated with antibiotics 
did not alter the statistically significant differences 
between the groups. In the timolol group 10 patients 
had fever > 38-5°C during the first eight days; in the 
placebo group 19 patents had fever above this level 
(p < 0-025). Only one patient in the umolo! group 
had fever higher than 39°C, whereas in eight 
patients in the placebo group this temperature was 
attained at some time during the first eight days (p 
< 0-01). 

The mean temperature during the first eight days 
and the maximal temperature reached were 
significantly correlated with infarct size and 
ischaemic area as estimated by cumulative creatine 
kinase release, maximum QRS vector difference, 
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Table Pearson’s correlation coefficients between body temperature and cumulative creatine kinase release, QRS vector 
difference, and ST vector magnitude tn patients on timolol or placebo 





Cumulative creatine kinase 
release QRS vector difference ST vector magmtude 
Mean tem; 
Timolol group 0 20 0 37* 0-30 
Placebo group 0 50*** 0 49*** 0-48*** 
Both 0 37*** 0 49**iiex 0 42**** 
Maximum temperature: 
Timolol group 010 038 020 
Placebo group 0 47*** 037* 0-37* 
Both 0 37*** 0-41** 0-33*** 





*p « 0-05; **p « 0-025; ***p « 0-01; ****p « 0 005. 


and initial ST vector magnitude (table). The cor- 
relation was highly significant for the total study 
groups of 65 patients and for the placebo group but 
not for the timolol group. 

Figure 2 shows the mean temperature for patients 
with a maximum cumulative creatine kinase release 
« 1000 U/I, 1001 to 2000 U/l, and > 2000 U/l. Tim- 
olol reduced the mean temperature in patients with 
myocardial infarctions associated with a maximum 
cumulative creatinine kinase release of > 1000 U/I (p 
« 0-01). 

Timolol treated patients were discharged from 
hospital on average one day before patients on 
placebo (median hospital stay 11 days in timolol 
group (range 7-32), 12 days in placebo group (range 
8-28)). 


Discussion 
The present study shows that the early adminis- 
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Fig2 Mean temperature (SEM) in patients with a 
maxtmal cumulative creatine kinase release (CK) below 
1000 U/l, 1001 to 2000 U/l, and above 2000 UJI. 


tration of timolol to patients with acute myocardial 
infarction significantly reduces the pyrexial response 
to the condition. The fever was reduced both in 
duration and magnitude and fewer patients on tim- 
olol treatment reached high temperatures. 

The original study was not designed to estimate 
differences in temperature between the groups. 
Temperature is, however, one of the most precise 
and frequently performed clinical examinations on 
patients in hospital. The data are thus complete and 
a prospective trial specifically designed to assess 
temperature differences in acute myocardial 
infarction would only be slightly more accurate. 

The mechanism of fever in sterile inflammation or 
trauma such as an acute myocardial infarction is 
unclear. Fever is generated by an endogenous 
mediator shown to resemble or be identical to inter- 
leukin 1. Interleukin 1 causes fever by altering the 
set point for the thermostat in the hypothalamus. It 
is produced by mononuclear phagocytes when they 
are challenged with viral or bacterial products." 
Non-infectious diseases such as acute myocardial 
infarction probably also induce interleukin 1 pro- 
duction as other effects of interleukin 1 (such as a 
reduction of serum iron, induction of acute phase 
proteins, and granulocytosis) have been shown to 
occur in the early phase of the disease.? The mag- 
nitude of fever, as estimated by mean temperature 
and maximum temperature during the first eight 
days, correlated significantly with cumulative cre- 
atine kinase release, QRS vector difference, and ST 
vector magnitude. This suggests that the fever 
response during acute myocardial infarction is ini- 
tiated by necrotic myocardium. It is possible that 
infarcted myocardium induces production of inter- 
leukin 1 and that the size and duration of the process 
of infarction determine the amount of interleukin 1 
produced. 

Beta adrenoceptor blockade may affect the febrile 
response after acute myocardial infarction in several 
ways. As outlined above, infarcted myocardial tissue 
is a possible stimulus for interleukin 1 production. 
Our results suggest that the size of the infarction 


Fever tn myocardial infarction 


correlates with the pyrexial response. Thus reduc- 
tion of infarct size may, at least in part, explain the 
reduced fever response after early timolol treatment. 
For larger infarctions timolol treatment probably 
reduces the temperature response through one or 
more additional mechanisms (fig 2). 

The effect of the f adrenoceptors in the tem- 
perature regulating centre have not been estab- 
lished. It is possible, at least theoretically, that ff 
blockers may affect temperature regulation through 
these receptors.? Beta adrenoceptors are certainly 
involved in the peripheral regulation of body tem- 
perature. Beta adrenoceptor blockade induces vaso- 
constriction, which tends to increase body 
temperature. Reduction of shivering, non-shivering 
thermogenesis, and metabolic rate, however, lowers 
body temperature.!? Our results suggest that the net 
effect of f adrenoceptor blockage is a reduced 
pyrexial response. 

Fever may impair cardiovascular function. 
Tachycardia is commonly observed and heart rate is 
increased by approximately 30% from the basal 
level at a body temperature of 38-5?C.!! This 
increase in heart rate increases myocardial oxygen 
requirements and might predispose to extension of 
the infarct and to arrhythmias. Shortening of 
diastolic perfusion time when heart rate is increased 
reduces blood flow to the myocardium. Moderate 
fever reduces stroke volume and.cardiac output in 
patients with a normal myocardium, and subclinical 
impairment of cardiac function might thus be 
induced by various febrile conditions.!! !? Meta- 


bolic rate 1s increased during fever and it has been. 


shown that there is a 13-1576 increase in oxygen 
consumption for every °C increase in body tem- 
perature. In acute myocardial infarction an 
increase of metabolic rate and oxygen consumption 
increases the risk of cardiac failure. Thus there are 
several factors to suggest that a strong pyrexial 
response is detrimental to patients with an acute 
myocardial infarction. 

On average timolol treated patients spent one day 
less in hospital than placebo treated patients. A sim- 
ilar observation was made in patients with acute 
myocardial infarction treated with metoprolol.!5 
Although the severity of the infarction may be an 
important determinant for the length of hospital 
stay, an early return to normal body temperature is 
usually accompanied by early mobilisation of the 
patient. Hence the fever reducing effect of timolol 
might lead to earlier discharge from hospital. 

Our results show that timolol reduces the fever 
after acute myocardial infarction. We believe that 
thus has beneficial haemodynamic effects in these 
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patients and that our results support the early use of 
B adrenoceptor blockade in acute myocardial 
infarction. 
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-: "Relation of human cardiac action potential duration 


to the interval between beats: implications for the 
validity of rate corrected QT interval (QTc) 
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SUMMARY Fourteen patients undergoing routine cardiac catheterisation were paced at a steady 
frequency; after this test, stimuli were introduced with a variable preceding interval (test pulse 
interval). The QT interval of the electrocardiogram and the duration of the monophasic action 
potential of the right ventricle were measured. QT interval is a function of action potential 
duration; the two variables were very closely correlated in this study. Both these variables 
increased in duration with increasing test pulse interval. A biphasic response, as previously 
reported, was not seen. An increase in steady state pacing frequency caused QT interval and 
action potential duration to decrease for any given R-R interval. When frequency of stimulation 
was suddenly increased and then maintained, there was an immediate action potential shortening 
followed by a further more gradual shortening occurring over several minutes. These results 
imply that a simple correction of QT interval for heart rate (QTc) is inadequate. 

It is concluded that the relation between action potential duration (or QT interval) and heart 
rate depends on both the instantaneous interval between beats and the duration of the prevailing 
heart rate. 


"When the heart is electrically activated, depolar- ately after an action potential, the membrane is 
isation of the myocardium is registered as an refractory and no response is obtained. When the 
upstroke of the-action potential and as the QRS stimulus is delivered a little later, action potentials 
complex of the surface electrocardiogram. The are obtained which (in most species) are shorter than 
period of rayécardial depolarisation is indicated by.. those in the preceding steady state; they become 
the plateau of the action potential; this is terminated longer as the interval between beats is increased. 
. by repolarisation—that is the downstroke of the When this relation is explored formally by pacing at 
''action potential and the T ‘wave of the electro- .a given steady state frequency and by introducing a 
cardiogram. The interval from the QRS to the T test pulse interval at progressively increasing 
wave of the electrocardiogram (QT interval) thus intervals’ ? a relation can be defined between action 
reflects the duration of the action potential. We have potential duration (or QT interval) and test pulse 
investigated the effect of heart rate on the QT inter- interval (R-R interval), which is termed the elec- 
val using the more direct and accurate measurement trical restitution curve.) $ There is one study in 
of ventricular action potential duration. When an man that included only five patients, two of whom 
electrical impulse is delivered to the heart immedi- ^ showed prolongation of the action potential duration 
Requests for reprints to Dr M I M Noble, King Edward VII ` incen th gris irap unl pe 
: : is e the gs in" o yett ani 
Hoya neue Ment susee t Jewell* and Elzinga et al. The first objective in the 
Accepted for publication 15 September 1986 present study was to examine electrical restitution in 
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Cardiac action potential and the interval between beats 


a larger group of patients in order to establish the 
Correct restitution curve. 

Electrical restitution does not explain all the 
changes in action potential (and QT interval) that 
take place when the heart rate is increased. A sus- 
tained increase in heart rate causes a slow 
progressive shortening of QT interval and action 
potential duration over a period of several minutes. 
This has been shown for the guinea pig by Attwell er 
al" and for intact dog by Drake et al.* Attwell et al 
also showed that changes in human QT interval 
(which corresponds to the action potential duration) 
followed a similar pattern." The second objective of 
the present study was to examine the longer term 
response of action potential duration to an increase 
in heart rate. This is of considerable importance in 
understanding the relation of QT interval to cardiac 
frequency.? ^ !! Bazett’s correction of the QT inter- 
val (QTc) was formulated to allow for physiological 
variation in heart rate, assuming a linear relation. 
The results of Attwell et al” strongly suggest that 
such correction is invalid and we therefore wished to 
confirm or deny that suggestion with a definitive 
study. 


Patients and methods 


PATIENTS 

Fourteen patients were studied (9 men and 5 
women, aged 36-74 years (table 1)) They were 
patients with ischaemic heart disease who were rou- 
tinely undergoing cardiac catheterisation for diag- 
nostic purposes. All drugs were stopped 24 hours 
before the study. No patients had received ami- 
odarone before or during the study. The patients 
were given 100 mg atenolol orally 4 hours before the 
study, to avoid the complication of variable adre- 
nergic status, and diazepam 10 mg orally an hour 
before the study. Measurements were made during 


Table 1 Patient data and steady state intervals used in the 
study 
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quiet breathing. The study was approved by the 
ethics committee of the participating hospitals. 
Informed consent was obtained from each patient 
before the study. 


MEASUREMENTS 

Endocardial action potentials 

An action potential catheter as modified by Miller et 
al’? was used. The catheter was passed from the 
right femoral vein to the right ventricle and was 
allowed to touch the endocardial surface. A site on 
the septum towards the middle of the ventricle was 
Chosen whenever possible to minimise variability 
between action potential duration and the QT inter- 
val. The potential difference between the two silver- 
silver chloride electrodes of the catheter was mea- 
sured with a DC amplifier and an oscillographic or 
electrostatic recorder. Recordings were made simul- 
taneously on to a Racal instrumentation tape 
recorder. The duration of the action potentials 
(expressed as time during which the myocardial cells 
were depolarised by more than 70%) was measured 
manually from all records at a fast paper speed. A 
standard electrocardiogram was monitored through- 
out the procedure. When we analysed the action 
potential duration we always checked the electro- 
cardiographic signal to ensure that there were no 
spontaneous beats. QT interval was measured 
simultaneously from the standard  electro- 
cardiogram. 


Pacing 

The heart was stimulated by a right atrial (3 
patients) or right ventricular (11 patients) bipolar 
pacing catheter introduced from the right femoral 
vein. If the atrioventricular node became refractory 
during attempted atrial pacing, ventricular pacing 
was substituted. Stimuli of 2 ms duration and twice 
threshold strength were produced from an isolated 
constant current source (Devices 2533) which was 
triggered by a programmable stimulator. 


Pacing protocols 

To determine the electrical restitution curves, the 
hearts were paced at a constant base cycle length (see 
table 1 for details) until action potential duration 
had reached a steady state. This was usually in 2-3 
minutes. In the first five studies we used a basic 
pacing interval of 800 ms (table 1). This was chosen 
because it was expected to be comfortably shorter 
than the spontaneous R-R interval of patients on 
B adrenergic blockade. We then wished to check the 
effect of higher basic pacing frequency and used 
intervals of 500 or 600 ms (patients 6, 7, 9, and 10; 
table 1). We were also able to study two basic fre- 
quencies in individual patients (patients 8, 11, 12, 
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and 14; table 1). After each period of steady pacing 
at these intervals a test stimulus was applied after the 
refractory period of the last regularly paced response 
via the programmable stimulator. After each test 
stimulus, regular pacing at the basic cycle length was 
resumed for at least ten beats to allow recovery of the 
original steady state. Test pulse intervals were 
applied with either a progressively longer or shorter 

, interval in sequence, in each patient. Action poten- 

! tial durations were measured at 70% repolarisation 
and plotted against test cycle length. For pooled 
data, the duration of the action potential in response 
to the test beats was expressed as a percentage of that 
of the steady state beats. When a frequency switch of 
steady state interval was made (patients 8, 11, 12, 
and 14) the time taken for the response to reach a 
new steady state was carefully monitored. 


Results 


The monophasic action potential signals recorded 
with the electrode catheter were of good quality for 
determination of action potential duration (fig 1). As 
the interval preceding a test stimulus was extended, 
the duration of the action potential also increased— 
see the electrical restitution curve (fig 2a). The 
results in the three patients in whom the protocol 
could be carried out by atrial pacing without atrio- 
ventricular conduction problems were similar to 
those in the 11 patients studied by right ventricular 
pacing. We have averaged the data for all those stud- 
ies in which the steady state interval was 800 ms (fig 
2b). This data does not include some patients in 








1s 


Fig1 Recordings of typical monophasic action potential 
signal (MAP) from the human heart and left ventricular 
pressure (LVP). 


whom the spontaneous rate was too high to allow 
steady pacing at 800 ms intervals. The electrical res- 
titution curves in these patients were similar, how- 
ever. In every patient there was a smooth increase in . 
action potential duration with interval over the 
whole range studied. A transient decrease at inter- 
mediate intervals, as seen in two patients of Franz 
et al was not seen in any of the present patients 
studied. 
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Fig2 Electrical restitution curves in which action potential 
duration of the test beats as a percentage of steady state 
control actior. potential duration 1s plotted as a function of 
test pulse interval. (a) A typical indrvidual example; (b) 
mean results (range) for all patients in whom the steady state 
interval was 800 ms. 


In four patients we also studied the electrical res- 
titution curve at a’higher steady state frequency. 
This intervention was not possible in some patients 
because of the occurrence of angina or because it was 
not advisable to prolong the study. In the cases 
where results at two frequencies were obtained, the 
action potentials for all test pulse intervals were 
shortened at the higher frequency; this resulted in a 
downward shift of the electrical restitution curve (fig 
3). 'Table 2 summarises the-data from all patients. 

Figure 4 illustrates the effects of a sudden switch 
in frequency of stimulation. On the‘first beat at the 
high frequency, the action potential.was shortened 
to a degree that was consonant with the electrical 
restitution curve for the control (low) frequency. 
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Table2 Action potential duration measurements for the individual test pulse intervals used tn the study 
Interval 
7 
Patient No 300 350 400 450 500 550 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 
L — 235 268 275 280 283 289 280 280 277 284 282 — -— — — — 
2 256 287 301 — 292 — 299 300 — 302 312 310 320 - - — 
3 — — — 260 255 270 288 291 309 300 308 312 313 318 — — — 
4 199 246 248 — 242 — 253 265 — 256 259 254 267 — — — — 
5 194 — 202  — 227 — 244 252 — 250 250 260 — — — — — 
6 209 242 255 258 259 262 263 266 — — — — — — — — — 
7 — — 230 20 — 250 260 260 265 280 280. 285 300 300 300  — — 
8a — — 203 200 — 216 221 228 232 239 244 248 252 253 254 260 270 
b — — — s 257 256 260 262 270 215 282 289 290 297 302 302 305 268 
9 — — — 192 200 202 200 218 22 — — — — — — — — 
10 255 276 276 — 276 — 30 — — — — — — — =i "ER PR 
11a 206 218 218 222. — — 210 206 210 -— — — — — — — — 
b 213 242 242 254 270 — — 280 280 280 276 — — — — — — 
12a 200 200 207 — 21 213 23088 217 23 23 28 28 237 — — ~  — 
b 21 234 247 248 — -— — 257 — — 210 — — 
13 — 265 290 293 305 300 303 310 321 333 35 — 350 — — — — 
14a — 235 237 237 235 — 237 250 258 269 25 — — — — — = 
b — — — 222 230 — 238 244 247 251 249 258 256 = xz E — 
^8 300 'This was followed by a progressive further short- 
E ening for subsequent beats at the new (high) fre- 
S 750ms quency. This shortening continued over several 
E 260r minutes (fig 4); even after three minutes there was 
3 still a trend to further action potential shortening 
fno 450ms with time. In all four cases the changes were quali- 
à tatively similar to those described for one patient by 
Franz et al.!? 
$ 100 In those patients in whom adequate comparison 
o . . E 
« could be made between action potential duration 
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Fig3 Two electrical restitution curves m one patient 
recorded at two different steady state intervals. 
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and simultaneous QT interval, the Spearman Rank 
correlation coefficient ranged from 0-80 to 0-88. 
Most of the scatter contributing to the comparative 
analysis was derived from the QT measurements. 
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Fig4 Beat to beat values for action potential duration after a sudden change of interval from 750 
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Discussion 


Our results confirm that in the intact human heart 
the relation between action potential duration (and 
QT interval) and the R-R interval is similar to that 
of isolated cardiac muscle? *!*!5 and intact dog.) 
This relation between action potential duration and 
test pulse interval is referred to as the electrical resti- 
tution curve.^ 

A previous report suggests that the electrical resti- 
tution curve of man was of a different form, namely 
a biphasic relation? similar to that of the rabbit.! 
'There are species differences in the shape of elec- 
trical restitution curves. The shapes of the electrical 
restitution curves reported for two of the five 
patients by Franz et alf resemble those of the rabbit, 
in that action potential duration at intervals of 
300—400 ms was prolonged. Action potential 
duration then declined again at frequencies between 
400 and 500 ms, before increasing again with longer 
intervals. We did not observe such changes in any of 
our 14 patients. In the study of Franz et al the pro- 
longed action potentials at short preceding intervals 
were accompanied by changes in the shape of the 
action potential waveform. We are of the opinion 
that monophasic signals do not give reliable infor- 
mation on action potential shape but only of action 
potential duration." We would therefore place more 
reliance on the present measurements in a consid- 
erably larger group of patients, and we conclude that 
the human electrical restitution curve is very similar 
to that of the cat* and of the dog.? 

The electrical restitution curve determines the 
action potential duration and QT interval of only the 
first excitation after the first short R-R interval. If 
short R-R intervals are maintained by a continuation 
of pacing at a high frequency there is a further 
progressive shortening of the action potential 
duration and QT interval over a period of several 
minutes. This was reported for the QT interval of 
man by Attwell et al’ and for the action potential 
duration of one person.!? If the electrical restitution 
curve is redefined after such a period, it is found to 
show shorter action potential duration at all R-R 
intervals. This downward shift of the electrical resti- 
tution curve when the steady state frequency is 
higher (fig 3) is very similar to the findings in the 
dog.* The changes in action potential duration with 
a maintained frequency increase after a sudden 
switch (fig 4) are also very similar to findings in the 
dog for both Purkinje fibres!? and endomyocardial 
recordings in the intact animal.® 

It would seem reasonable therefore to assume that 
the changes we see are due to mechanisms that apply 
generally in higher animals. The immediate action 
potential shortening on the first beat is a shift along 


the restitution curve for the low steady state fre- 
quency. The restitution curve depends on changes 
in factors affecting recovery of the cell membrane 
after a depolarisation. This is thought to be due in 
part to recovery from inactivation of the slow inward 
calcium channels.!? There is also decay of outward 
potassium currents during the polarised period (or 
electrical diastolic interval) which may be inter- 
rupted by shorter intervals. The mechanisms under- 
lying the second, slower phase of further action 
potential shortening during a period of high fre- 
quency pacing (fig 4) were examined in some detail 
in the intact dog by Drake et al.? The slow time 
course of change in action potential duration after an 
increase in stimulation frequency suggested that 
these changes are caused by the accumulation of an 
ion or metabolite, or possibly by changes in activity 
of the electrogenic Na*-K* pump!?; such mech- 
anisms appear to act via an increase in outward back- 
ground current? Whatever mechanism is 
responsible for this change, it is clearly maintained 
for at least 1400 ms. 

The results of our study are relevant to arguments 
concerned with the corrections to be made to QT 
interval to allow for heart rate.!? ^?! Thus from our 
results and from those using QT intervals? it must 
be concluded that the relation between heart rate 
and QT interval is not constant. For instantaneous 
differences in interval between beats, QT interval 
must be governed by the electrical restitution curve 
(fig 1). For more prolonged periods, the relation will 
also be affected by the slower changes in action 
potential duration, which are time dependent (fig 4). 
We have confirmed that after one beat at a different 
interval, it takes up to 10 beats for a steady state to be 
regained. When there is a switch from one sustained 
period at a given frequency to a new frequency, it 
takes at least three minutes for a new steady state to 
be reached. 

Our study does not explore the additional 
influence of the sympathetic nervous system upon 
action potential duration and QT interval, because 
our patients were deliberately subjected to f adre- 
nergic blockade by atenolol. An increase in sym- 
pathetic activity in the absence of such blockade 
causes a further shortening of action potential 
duration at a given fixed heart rate??; this effect is 
valuable in producing an increase in heart rate with 
exercise in appropriately programmed  pace- 
makers.?? Any correction of QT interval for heart 
rate that ignores changes that might have occurred 
during the preceding five minutes must therefore be 
unreliable. Such dubious corrections are sometimes 
used in human clinical pharmacological studies—for 
example class III antiarrhythmic agents. From our 
study we conclude that the use of rate corrected QT 


Cardiac action potential and the interval between beats 


interval is not valid. We suggest that such studies 
should be carried out at constant heart rate achieved 
by pacing for.at least three minutes. 
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Doppler ultrasound in the assessment of severity 
of coarctation of the aorta and interruption of the 
aortic arch 


AB HOUSTON, IA SIMPSON, JCS POLLOCK, MPG JAMIESON, W B DOIG, 
EN COLEMAN 


From the Departments of Cardiology and Cardiac Surgery and University Department of Child Health, 
Royal Hospital for Sick Children, Glasgow 


SUMMARY Doppler ultrasound was used to investigate 48 infants and children (age 2 days-16 
years, weight 1:0-58 kg) with aortic arch abnormalities. In only 38 of the 42 with an important 
coarctation was an increased blood flow velocity from the distal arch demonstrated. In three with 
interruption of the aortic arch an increased velocity recorded from the region of the distal arch 
was thought to represent ductal flow. 'There was little difference between the peak to peak and 
instantaneous maximum gradients in the 20 patients with important coarctation in whom direct 
pressure measurements both proximal and distal to the obstruction were made at catheterisation. 
There were poor agreements between Doppler and measured peak to peak and instantaneous 
gradients in the 17 patients found to have both an increased velocity and important coarctation. 
It is concluded that although an increased blood flow velocity in the distal arch is usually 
demonstrated in coarctation this may not occur with severe obstruction. Furthermore, the maxi- 
mum velocity is not related to the anatomical severity of the obstruction and the Doppler estimate 
of pressure drop in coarctation may not even reliably predict that measured at catheterisation. 


The diagnosis of coarctation of the aorta 1s usually ultrasound in this condition, it seemed appropriate 
based on clinical examination, and further to report our findings. Furthermore, previous 
investigations are directed at defining its site and reports have only briefly considered the different 
nature to permit the correct surgical approach. wave form patterns! that are obtained from patients 
Although echocardiography often provides this with coarctation. 
information and allows surgery to be undertaken 
safely without catheterisation, another non-invasive Patients and methods 
diagnostic technique would be useful in patients in 
whom a clear echocardiographic image of the We studied 48 patients (14 neonates, nine older 
coarctation site is not obtained. infants, and 25 children) aged 2 days-16 years 
Reports have suggested that in some instances (mean 3 years 6 months) and weighing 1-0 to 58kg 
Doppler ultrasound provides such a technique by (mean 13-8kg). In three patients who had under- 
demonstrating increased flow velocity in the gone coarctation repair the narrowing was minimal 
descending aorta!~* and that it can also give accu- on angiocardiography and surgery was not consid- 
rate information on the gradient across the obstruc- ered necessary. The exact diagnosis was ascertained 
tion.? These studies did not measure gradient by at surgery in all the others; previous catheterisation 
invasive means and since our experience has indi- had been performed in all but 13 (eight neonates, 
cated some problems in the application of Doppler three older infants, and two children). Of the 23 
infants, 18 had preductal coarctation (14 with a 
ductus arteriosus), two had postductal coarctation, 
and three had interrupted aortic arch with a ductus 
arteriosus. Ten patients (including one infant) had 
Accepted for publicanon 7 July 1986 already undergone coarctation repair. The table 
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Table Summary of the more zmportant climcal and diagnostic features 1n the different age groups 





$ ` Catketerisation DA and Previous Arch veloaty 
Diagnosis and age Total No DA present undertaken — — .catheter operation >22mI/s 
Coarctation <1 month ' 11 9 4 3 0 11 
Coarctation 1212 months . 9 5 6 2. 1 8 
Coarctaton > 1 year 22 1 20 |] 6 19 
Interruption (all <1 month) 3 3 2 2 0 3 
Inmgnificant obstruction 3 0 3 0: 3 2 





DA, ductus arteriosus. 


‘summarises the. age groupings, investigation, and ° 


findings. 

At catheterisation the pressure was measured 
directly through a fluid filled system both proximal 
and distal to the obstruction in 23. Pressures on both 
sides of the obstruction were measured simul- 
taneously in 12; the proximal measurement was 
made with a catheter in the left ventricle (9) or the 

- aortic arch through the coarctation (3) and the distal’ 
one through a needle in the fernoral artery or the side 
arm of a sheath in the iliac artery. In.the remaining’ 
ll patients pressures. were measured by catheter 
withdrawal across the coarctation and ‘tracings distal 
to the coarctation were superimposed on proximal 
ones to simulate simultaneous pressure mea- 
surements; to minimise error, beats with almost 
equal R-R intervals were chosen. The peak to peak 
and maximum instantaneous pressure differences 
were measured from each tracing. Catheterisation 
was undertaken in seven infants with a ductus arte- 
riosus, with pressures being measured in both the 
pulmonary artery and descending aorta in five. 

The Doppler investigations were performed by 
means of a 2MHz probe with a continuous and 
pulsed wave system (Alfred, Vingmed) and a spec- 
trum analyser (Doptek). After echocardiographic 
examination a routine Doppler study was per- 
formed, the suprasternal or left upper. parasternal 
‘positions being used to obtain the optimal signal of 
flow through the aortic arch and coarctation site. 
From the Doppler signals from the ascending aorta 
and aortic arch the maximum velocity of blood flow 
in m/s (V) was measured and the modified Bernoulli 
equation (4P = 4V2)* was used to convert this into 
Doppler estimate of gradient in mm Hg (P). We then 
compared the Doppler measurement of flow velocity 

- in the ascending and descending aorta and the maxi- 

mum Doppler gradient in the descending aorta with 
the measured maximum instantaneous and peak to 
peak gradients over the coarctation. In those infants 


with a preductal coarctation and a ductus arteriosus : 


or arch interruption who underwent catheterisation 
we also compared the Doppler findings with the gra- 
dient from the main pulmonary artery to the 
descending aorta. In one patient the Doppler study 


was performed while a balloon catheter was inflated 


. within the ductus. 


Tn the normal individual forward flow in both the 
ascending and descending aorta is of approximately 
the same velocity," that is < 2-0 m/s and is usually 
confined to systole. The wave forms from the distal 
arch in many of those with coarctation, however, 
demonstrated continuing forward flow in diastole. 


: The Doppler wave forms were reviewed to assess 


the timing of forward flow paying particular atten- 
tion to diastolic flow patterns and determining 
whether there was no diastolic flow or early diastolic 
flow only or pandiastolic flow. 


Results 


INFANTS WITH COARCTATION 

Maximum velocities in the ascending aorta were 
«2:2 m/s (20 mm Hg) in 19 of the 20 infants, the 
other having an increased velocity related to the 
presence of associated aortic stenosis. Doppler echo- 
cardiography demonstrated a velocity, apparently 
from the distal arch, indicating flow away from the 


- transducer of 7 2:4 m/s (equivalent to a gradient of 


23 mm Hg) in 19 of the 20 infants (fig 1); Doppler 
gradients ranged from 23 to 80 mm Hg with a mean 
of 38 mm Hg. No increased velocity was found in 
the remaining 6 month old infant with a narrow 


isthmus and a web proximal to a 4 mm ductus; 


catheterisation was not performed but blood pres- 
sure measurements showed the leg pressure to be 
30 mm less than that in the arm. 

In one neonate in -whom Doppler echo- 
cardiography had recorded increased velocity of 
flow away from the transducer (2-85 m/s, equivalent 
to a gradient of- 33 mm Hg) catheterisation while 


' prostaglandin E2 was being infused showed a night 


coarctation and a ductus arteriosus with a measured 
drop from main pulmonary artery to aorta of 31 mm 
Hg. The Doppler signal disappeared when a balloon 
was inflated in the ductus arteriosus; it reappeared 
when the balloon was deflated, which suggests that 
this flow was ductal and not through the coarctation. 

The gradient from the main pulmonary artery to 
the descending aorta was measured at cath- 





Fig 1 Doppler echocardiographic spectral signal: 


The transverse marker line ts positioned at 


mm Hg 


rhe velocity this represent cm and the gradient 





tole in ia) and continues throughout 
eterisation in five patients with preductal coarctation 
and ductus arteriosus: the pressure was higher in the 
main pulmonary artery than in the descending aorta 
in two (15 and 31 mm Hg difference), approximately 
equal in the two vessels in two, and 20 mm Hg lower 
in the main pulmonary artery in the other 

OLDER CHILDREN 

Flow velocities from the ascending aorta were nor 
mal in all 25. The signal from the distal arch showed 
velocities of 1:4, 2:4, and 2:9 m/s in the children with 
who considered not to require 
further surgery and of at least 27 m/s (29 mm Hg 
in 19 of the remaining 22. In the other three 
patients no high velocities away from the transducer 
were demonstrated. Two had previously undergone 
coarctation repair; one who had a patch repair when 
1-2 kg in weight have a very long 
segment with a diameter of only 1-2 mm and the 
other who had end to end repair had a fibrous 
membrane. In the third the only 
flow was a continuous signal towards the transducer 
fig 2). Careful study failed to demonstrate flow 
through the coarctation; it proved possible to pass a 
French gauge 7 catheter through it but angio- 
cardiography showed that the catheter completely 
occluded the lumen and that there were large col 
lateral vessels 


recoarctation were 


was shown 


INTERRUPTED AORTI( 
From the suprasternal 


ARCH 


notch, with the transducer 


range 16 kHz, st 
the maximum frequency shift which is displayed on the top left (Hz), followed by 





diastole in 


demonstration of 


Houston, Simpson, Pollock, Jamieson, Doig, Coleman 


SBLO4OCHZ 2400Cm/s 


Mas 


"^ 


veep 5 ms) from patients with coarctation of the aorta 


Iculated from che simple modified Bernoulli formula, The flow 


and ií 


Doppler ultra 
sonography mew ed flow away from the transducer 
2 m/s (4-4, 3-1, and 2:3 m/s) in all three 
neonates with interrupted arch. Presumably this was 
ductal flow 


angled to pick up arch flow, 


in excess of 2 


COMPARISON OF PRESSURE GRADIENTS 
In all 20 with important 
whom pressures were measured on both sides, the 


patients coarctation in 
instantanecus maximum appeared to be greater than 
the peak to peak gradient, the 
from 1 to 6 (mean 4) mm Hg in 
and 17 mm Hg respectively in the other three. An 
velocity jet was demonstrated in 17 of 


difference ranging 
17 and being 9, 12, 


increased 
these, and comparison of the maximum Doppler 
gradient with the measured one gave 
coefficient r of 0-42 against the peak to peak (y 

46x + 26:4) and r 0:36 (y 
against the instantaneous maximum gradient. Com 
values by the method of Bland and 


a corrclation 


0 37x 





parison of the 
Altman^ (fig 3) confirms the poor agreement; the 
mean difference in gradients is — 7:5 mm Hg with 
the differences within 2 SD being from 15:4 to 
30:3 mm Hg, which 1s unacceptable for clinical pur 
There may have been delay in the recordings 
femoral artery but this would have 


poses 
in the given à 
greater instantaneous gradient, and the results sug 
gest that in coarctation there is little difference 
between and the peak to peak gradient. No 
relation was observed between maximum velocity 
and thus zradient) and the anatomical obstruction; 


tais 
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Fig 2 


kHz, 





Doppler echocardiographic spectral signal ( range 16 


veep 5 ms 


obtained from the suprasternal notch in the 
patient in whom the only increased velocity flou 
the transducer, presumably through collaterals 


was towards 


The marker 


line indicates a maximum frequency shift of 6000 Hz 
representing a velocity of 2:31 mis 
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Average gradients ( mm Hg ) 


Plot of tne difference between the Doppler and 
measured pressure gradients against their mean. 


in two patients in whom the cathete: 
through the narrowing, Doppler 

dient was 26 mm Hg in one and no flow was 
strated in the other 


WAVE FORMS 

Study of the flow patterns showed 

flow was generally of low velocity and 

was related to the level of the high pas 

this set at 800 Hz (a velocity of just 
continuous flow in diastole was demonstrat 
of the 38 with important coarctation and ir 
velocity in the distal arch. In a further 10 flow 
ent in early diastole did not | 
diastole and in seven flow was confine 
systole. The duration of flow was r 
maximum velocity or gradient. Th nd d 
pressure difference across the coarctat 


ont 






measured in 10 patients in whon 
velocity was recorded; flow through 
occurred in the five with a measured end d 


gradient of >6 mm Hg but was 
with a lower gradient 


not tou! 


Discussion 


In coarctation of the aorta Doppler ultrasounc 
niques might be expected to be able t 
presence and site of the obstruction and meas 
pressure difference across it 





CONFIRMATION OARCTATION 
Hatle and Anglesen reported that with conti 
wave Doppler echocardiography a jet from be 
the coarctation could usually be obtained in pat 
with a moderate coarctation but in only half of ti 
with severe obstruction! but Wyse er a/ foun 
in all 30 patients studied. In the latter investiga 
performed mainly in patients who had pre 
undergone coarctation repair, a good correlation 
reported between the Doppler estimate of maxin 
velocity and the difference between blood pre 
measured in the arm and leg with a spl 
momanometer, though no invasive 
surements were made. Robinson er al 
results in six infants; in three with critical 
stenosis high velocity flow was measured ir 
ascending aorta whereas in three witl 1 
high velocity flow was measured in the descen 
aorta; this suggested that a clear distinction coi 
made on the basis of Doppler results 

For practical purposes it is appropriate t 
sider the two different patient populations 
coarctation, the infant with preductal coarct 
and a ductus arteriosus and the others, often 
patients, who usually have a postductal coarctat 
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pressurt 
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In the group with postductal coarctation our 
findings are more ın accord with those of Hatle and 
Angelsen!; in most cases Doppler demonstrates high 
velocity flow but where the obstruction is very 
severe this may not be demonstrable. In the three 
children in whom Doppler did not demonstrate the 
high velocity there was no clinical doubt as to the 
presence of coarctation, however, and a site near the 
arch was likely in one because continuous flow 
towards the transducer suggested collateral flow. 

Diagnosis of coarctation of the aorta in the new- 
born can be difficult; echocardiography is not always 
diagnostic and there is also the possibility of con- 
fusion between coarctation and interruption of the 
arch. Robinson er al suggested that in the neonate 
increased velocity flow away from the transducer 
indicates coarctation?; in one of their patients pres- 
sures on both sides of the obstruction were equal and 
a high velocity should not have been recorded. We 
speculate that the increased flow velocity in those 
with arch interruption is a result of ductal flow and 
may be wrongly interpreted as representing 
coarctation. It seems that ductal rather than 
coarctation flow may also be recorded on occasions 
in neonates with severe coarctation, as in the new- 
born infant in whom the obstruction of the ductus 
abolished the signal. Thus we propose that an 
increased velocity signal should be interpreted as 
indicating arch obstruction, not necessarily 
coarctation, because it may be found with inter- 
ruption and a restrictive ductus. 


MEASUREMENT OF PRESSURE DROP 

Since simple measurement of arm and leg blood 
pressures with a sphygomomanometer will give a 
good estimate of the systolic pressure drop, the abil- 
ity of Doppler to measure the gradient could be 
regarded as being of little practical clinical value. 
Measurement of leg blood pressure, however, can be 
difficult and in some patients who have undergone 
coarctation repair the use of arteries for the repair, 
pressure monitoring, or cardiac catheterisation can 
occasionally make measurement of arm blood pres- 
sure unreliable. - 

Although we have found a good correlation 
between catheter and Doppler derived gradients for 
other obstructive lesions,’~° the present study has 
shown that in our laboratory the simple Bernoulli 
formula does not give a good correlation with direct 
pressure as we recorded it. Nor can the poor agree- 
ment be attributed to the difference between instan- 
taneous maximum and peak to peak gradients, which 
in our experience is negligible. 

Doppler echocardiography might have been 
expected to underestimate the pressure gradient ın 
some patients with coarctation either because of 
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misalignment with the direction of flow or because it 
is known to give low values where the orifice is 
small? especially if the narrowed segment is 
long.!! It is less easy, however, to explain the over- 
estimation of gradient by more than 20 mm Hg in 
three children; the study was performed at cath- 
eterisation in all three and in only one was the distal 
pressure measured while a catheter was through the 
coarctation. It may be that this was collateral flow 
but the direction and velocity were different from 
that 1n the one child where this was considered to 
have been clearly demonstrated (fig 2). 

Since the measurement of pressure gradient with 
continuous wave Doppler has proved reliable in 
other situations with discrete obstruction it is 
difficult to explain why it, should overestimate the 
gradient in some patients with coarctation. This may 
be due in part to the use of the modified Bernoulli 
formula, AP = 4V?, which does not take the prox- 
imal velocity into account, thus potentially over- 
estimating the pressure drop. The discrepancy may 
also be related to the measurement technique, in all 
three the distal pressure having been recorded from 
the femoral artery. At catheterisation the pressure in 
the femoral artery can be higher than in the 
ascending aorta!? because of the progressive dis- 
tortion of the pressure wave as it is transmitted 
through the arterial system.!? It is not certain 
whether this applies in coarctation, but the mea- 
sured gradient may have underestimated the true 
one and Doppler estimation may well be more accu- 
rate than the results presented in this study suggest. 

This study has shown that although in most 
patients Doppler echocardiography allows an accu- 
rate demonstration and localisation of coarctation of 
the aorta, the findings should be interpreted with 
full knowledge of the weaknesses of the technique 
and within the context of the whole clinical and non- 
invasive investigation. The results suggest that in 
the newborn infant extreme caution must be exer- 
cised; the presence of an increased velocity is likely 
to indicate coarctation but can also be found with a 
restrictive ductus arteriosus with interruption (or 
very severe coarctation). Since good images of the 
aortic arch are usually obtained from these babies it 
may be that Doppler echocardiography has little to 
add to clinical examination and conventional cross 
sectional echocardiography in this situation. In 
older children ıt can be difficult to demonstrate the 
coarctation by cross sectional echocardiography and 
Doppler echocardiography will often indicate its 
presence and site. In very severe obstruction, how- 
ever, the failure of Doppler echocardiography to 
show an increased velocity in the presence of clinical 
coarctation requires reassessment of the non- 
invasive information and .might even indicate the 


- Doppler 1n aortic arch obstruction 


need for angiography. When a signal suggesting the 
presence of coarctation 1s obtained the maximum 
velocity (and thus Doppler gradient) does not cor- 
relate with the anatomical severity of the narrowing. 
Furthermore, our findings indicate that Doppler 


echocardiography may be less accurate in measuring. 


pressure gradients in coarctation, than in other 
obstructive lesions and we believe that further cor- 
relative studies are; needed. i 
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A new non-invasive estimation of the stenotic aortic 
valve area by pulsed Doppler mapping 
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From the Service de Cardiologie, Fondation A de Rothschild, Paris, France 


SUMMARY A new pulsed Doppler mapping technique has been used to measure the severity of 
aortic valve stenosis. The Doppler examination was performed at the site of the aortic orifice in 
the parasternal short axis echocardiographic view and the method was based on the detection of 
the area of systolic flow through the stenotic orifice. This area was derived by planimetry and the 
measurements obtained by the Doppler method were compared with the aortic valve area calcu- 
lated at catheterisation according to the Gorlin formula. The method was applicable in 41 of the 
44 patients studied. The Doppler data were consistent with the haemodynamic measurements 


even in patients with decreased cardiac index. 


It is concluded that this new application of the flow mapping procedure is reliable and is easily 
applied to adult patients with a wide range of clinical conditions. 


Knowledge of the aortic valve area is important in 
the management of patients with aortic stenosis. In 
adults standard non-invasive procedures have failed 
to provide a variable that reliably predicts the aortic 
valve area.! ^ ? Doppler echocardiography would be 
expected to be the most appropriate of recent devel- 
opments because it measures flow. Aortic stenosis 
can be measured by continuous wave Doppler. This 
method relies on the calculation of the pressure gra- 
dient across the orifice.* ^ * The shortcoming of this 
variable is that it is dependent on cardiac output. 
'The semilunar stenotic area has been calculated by 
non-invasive measurement of both the pressure gra- 
dient and cardiac output in children." Non-invasive 
measurement of the cardiac output is feasible in 
adults,® ? but is not yet routinely applicable particu- 
larly in elderly patients and in a recent attempt to 
calculate the aortic valve area with continuous wave 
Doppler in an adult population invasive mea- 
surement of cardiac output was still required.!? We 
present a new non-invasive method of measuring 
aortic stenosis with pulsed Doppler. It is based on 
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flow mapping at the aortic orifice, which is used to 
delineate the aortic valve area. To assess the 
reliability of the new procedure we have compared it 
with results derived from catheterisation. 


Patients and methods 


We studied 44 consecutive patients (21 men and 23 
women (mean age 58)) with aortic stenosis who 
underwent left heart catheterisation. Forty two 
patients were in sinus rhythm and two were in atrial 
fibrillation. The aetiology was congenital (2), rheu- 
matic (12), or degenerative with calcified aortic 
cusps (30). The stenosis was sometimes associated 
with regurgitation; this was graded as minimal in 
seven cases and as moderate in five other cases. The 
other associated abnormalities were mitral stenosis 
(6), or prosthesis (2), tricuspid regurgitation (7), car- 
diomyopathy (2), coronary heart disease (4), and 
angiodysplasia (1). Twenty eight patients later had 
surgery. 

We also studied a control group of 12 patients (7 
men and 5 women (mean age 47 years)) with no 
aortic gradient at cardiac catheterisation. All but one 
were in sinus rhythm. Diagnoses were mitral steno- 
sis (6), non-obstructive cardiomyopathy (3), coro- 
nary heart disease (2), and atrial septal defect. (1). 


INVASIVE PROCEDURES 
The diagnosis was assessed by means of left heart 
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retrograde or transseptal catheterisation, or both, by 
standard techniques. The aortic valve area was cal- 
culated according to the Gorlin formula.!! Cardiac 
output was measured by the Fick method or thermo- 
dilution, or both. Supravalvar aortography was per- 
formed from a 30? or 45? right anterior oblique pos- 
ition. The severity of the regurgitation was assessed 
by qualitative criteria on a three point grading 
scale.!? 
DOPPLER ECHOCARDIOGRAPHY 
We used a 3 MHz ATL 851 (Squibb Medical Sys- 
tem, Bellevue, Washington, USA) mechanical real 
time scanner, which provided a 90° sector and single 
gate steerable pulsed Doppler capability, with a tear 
drop shaped (2 x 4mm) sample volume.!? The 
Doppler output could be presented as an audible 
signal, a time interval histogram, and a real time fre- 
quency spectrum by means of fast Fourier transform 
analysers. These devices were either an Angioscan 
(Unigon Industries, Mount Vernon, NY, USA), or 
a Sonacolor (Carolina Medical Electronics, King, 
NC, USA). The principles and characteristics of the 
instruments have been described elsewhere.!^ !? 
We used two video monitors, one for real time 
scanning and the other for the Doppler display. 





Figl 


Hard copies of real time images were made on a 4633 
Tektronics recorder. M mode echocardiographic 
tracings, simultaneous electrocardiograms, pho- 
nocardiograms, and Doppler spectral displays were 
recorded on an Irex 101 (Irex, Mahwah, NJ, USA) 
multtrace recorder or on Polaroid films. 

Subjects were generally studied in the left lateral 
supine position within a few days of catheterisation. 
The method of cross sectional Doppler echo- 
cardiographic examination of the heart!® that we 
used requires dynamic visualisation of the structure 
or chamber under investigation, location of the 
Doppler beam seen as a white line crossing the area 
of interest, and adjustment of the Doppler gate, seen 
as a white spot, to control the depth of the sample 


‘volume along that beam. The image is then frozen 


while the apparatus is automatically switched to the 
Doppler system. When the characteristic Doppler 
sound is heard, the recording is performed. 


EXAMINATION OF THE AORTIC VALVE ORIFICE 
(FIG 1A) 

We used the left parasternal short axis view to get a 
satisfactory image of the aortic orifice. Visualisation 
of part of the tips of the cusps indicated that the 
Doppler beam was located in the plane required. In 


© 





Schemanc representation of the mapping procedure used for measuring the stenotic aortic valve arca 


in aortic stenosis. (a) Mapping of the stenotic aortic valve area (dotted area) in short axis 
echocardtographic view. The Doppler beam (vertical lne) transsects the aortic orifice and the Doppler gate 
is moved over the orifice to detect a systolic flow signal (arrow). The linmts of the area are defined by 
to-and-fro scanmng movements from the centre to the boundary edges. (b) Determination of the tps of the 
cusps by long axis examination. The Doppler beam is located beyond the cusps (vertical line), and the 
Doppler gate detects the area of systolic flow (arrow) along the anteroposterior axis of the aortic root. (AO, 
aortic orifice; DB, Doppler beam; G, Doppler gate; LA, left atrium; LV, left ventricle; M, mitral valve; 
P, pulmonary valve; RA, right atrium; RV, right ventricle; RVOT, right ventricle outflow tract; T, 


tricuspid valve 
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patients with important calcification the transducer 
was oriented slightly upwards. Once the cusps had 
been visualised the image was frozen in systole and 
the following procedure was performed. We care- 
fully searched for a Doppler signal with maximum 
amplitude and duration occurring before the end of 
systole whether it was positive, negative, or both. 
When this signal was detected we performed to-and- 
fro mapping of the area where it was recorded, from 
its centre to its boundary edges, along its antero- 
posterior, transverse, and oblique axes to obtain a 
measure of the aortic valve area. A sheet of trans- 
parent plastic was applied over the video monitor 
and the contour of the area was traced either during 
subsequent repeated manoeuvres or during a later 
review of the video tape. We took care to avoid par- 
allax errors. We also mapped the entire aortic orifice 
using the same procedure to define the anatomical 
relations of the stenotic area to the orifice. 

During the examination we paid particular atten- 
tion to the following points. To minimise artefact 
due to motion of the aortic area during systole, the 
timing of early systole was noted when we deter- 
mined the first location point of the mapping and 
this was maintained for the determination of all sub- 
sequent mapping points; to check that the site of the 
recording coincided exactly with the plane of the 
aortic orifice we crosschecked the anteroposterior 
measurement (in millimetres) obtained in the short 
axis view against that obtained in long axis view at 
the tip of the aortic cusps using the same Doppler 
criteria (fig 1b). If necessary, in the case of eccentric 
areas leading to eccentric flow signals, we used a 
manoeuvre derived from that proposed by 
Nishimura et al for the mitral apparatus,’ ` that is we 
used two complementary parallel long axis views 
transsecting the long axis of the heart on each side of 
the central long axis view. 

Three sequences of systolic beats were analysed 
and averaged to determine the measurements. All 
patients were examined without knowledge of the 
results of the invasive procedures, which were per- 
formed by separate teams. The first 31 patients were 
investigated by two independent observers. Each 
videotape was reviewed by each observer within 
three weeks of the examination and there was no 
significance intraobserver discrepancy between the 
results. 

The stenotic valve areas were measured by plani- 
metry with a Hewlett Packard integrator 98134 A 
with a 1", error estimated from planimetry of test 
areas of given values. For the statistical study, each 
pair of values was displayed together with the line of 
equality, both for the aortic valve area and for the 
study of interobserver agreement. The variance of 
the paired measurements was also studied and the 
differences between the measurements obtained 


from both methods were plotted against the mean 
value of these measurements to study the agreement 
between the methods.'* 


Results 


CONTROLS 

An audiosignal of flow with smooth tone was heard 
over most of the aortic orifice in all patients. The 
graphic display showed a net velocity vector away 
from the zero line in only five patients. Among the 
remaining patients the signal was too weak to gener- 
ate such a deflection, and the graphic display consis- 
ted of an early and mid-systolic broadened spectrum 
between two transient velocity deflections due to 
cusp motion that was widely spread over the orifice, 
with a harsher tone when approaching the boundary 
edges (fig 2). 


PATIENTS WITH AORTIC STENOSIS (TABLE 1, 
FIGS 3—6) 

Recordings were unsatisfactory in three patients 
because of poor signal to noise ratio. The Doppler 





Fig2 Normal aortic orifice. (a) Short axis scan view of the 
aortic orifice with the Doppler gate shown in the centre of the 
orifice on the schematic drawing (b). (c) Pulsed Doppler 
recording of systolic flow obtained by fast Fourier transform 
spectral analysis. There is a systolic deflection away from the 
zero line with a laminar spectrum. This signal was heard 
over most of the aortic area in this patient, In half the 
patients with normal aortic valves no clear deflection was 
seen. Instead there was an early systolte spectral broadening 
recorded over most of the aortic orifice. See legend to fig 1 for 
abbreviations. FFT, fast Fourter transform; ECG, 
electracardiogram; PCG, phonocardiogram; F + and F —, 
positive and negative Doppler shifts; T, time axis. 
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Fig3 Patient with aortic stenosis. Drawings of the short 
axis (a) and the long axis ( b) views of the aortic orifice. The 
gate is located at the site of the narrowing area ( stippled 
area). Scan views of both planes in which the aortic orifice 


was visualised (c and d). (e) Real time Doppler recording of 


spectral analysis showing the systolic spectral anomalies 

white arrow) peaking before end systole. No Doppler flow 
signal was recorded over the remaining orifice area. See 
figures 1 and 2 for abbreviations. 
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Figó Differences between non-invasive and invasive measurements of the aortic valve area. 
mean value for both measurements (horizontal axis). Dotted line represents the mean value of the differences. The limits 
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Fig4 Various shapes of stenotic areas found by the fli 
mapping procedure. The frequency f each type 
stenotic area is indicated. Only three patie 
slit shaped orifice. Two of them were opera 
found to have a Monckeberg disease 
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Fig5 Plot of Doppler and invasive measurements of the 
aortic valve area showing line of equality. A cardiac inde 

< 3 l[minim? was regarded as indicating a decreased cardia 
output. The linear correlation coefficient was 0-94. It wa: 
0:91 when cardiac output was reduced and 0-96 when it wa 
normal. The area within the dotted lines corresponds to 
critical areas & 0:75 cm? 
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a) Differences plotted against 
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agreement are shown. The standard error of the mean was 0:02 cm?. (b) Absolute values of the differences between both 
measurements are shown on the abscissa and the number of patients with a particular value is shown on the ordinate 
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findings were characterised by the absence of an 
audiosignal of systolic flow over the aortic orifice, 
. except for a restricted area where there was a harsh 
tone. The corresponding graphic display showed a 
broadened spectrum, over the.first two thirds of sys- 
tole, with a mid-systolic window in some cases. 
Velocity signals due to cusp motion could also. be 
heard. The narrowed area was generally round (23) 
or ovoid with a major anteroposterior (5) or. trans- 
verse (6) axis. More rarely it was triangular (4) or a 
transverse slit (3). It was located at the centre 'of'the 
orifice in 18 patients and eccentrically in 23 patients. 
Doppler prediction of the site of the narrowed 
orifice was confirmed in nine patients at operation 
(six central and three eccentric locations). Two 
patients showing a slit like central area at Doppler 


examination were found'to "have -a-Monckeberg - 


sclerosis without commissural fusion. In ‘the 
remaining patients who came to operation cor- 


relation between the Doppler findings and direct 
examination was made impossible by conspicuous 
calcifications. Table 1 shows individual and mean 
values of haemodynamic and Doppler data. Only 
one patient (case 25) was erroneously classified as 
having an aortic valve flow area. >0-75cm? at 
Doppler. The mean value of the aortic valve area 
was larger (NS) at Doppler than at catheterisation. 
Figure 5 shows the values of the measurements with 
the line of equality. The mean difference was 
—0-09 cm? with a standard deviation of 0-13. The 
limits of agreement ranged from  —0:35 to 
+0:17cm? (fig6a). Figure 6b shows that in 20 
patients the difference did not exceed 0-10 cm?. The 
greatest differences were 0-33, 0:32, 0:35 cm? and 
these were found in patients with values of 0-4 (case 
16), 0-3 (case 21),.and 0-4 cm? (case 31) respectively 
by the Gorlin formula. 


"^ Figure 7 shows two Observers’ measurements with 


Table Invasive determination of cardiac index and stenotic aortic valve areas by the Gorlin formula and the pulsed Doppler 


mapping procedure in patients with aortic stenosis 
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Stenonc aortic valve area (cm?) 


Case No Age (yr) Cardiac index (I| min|m?) | Gorlin formula Pulsed Doppler 
1 61 21 08 077 
2 79 26 04 055 
3 71 31 05 052 
4 71 27 035 035 
5 73 32 06 065 
6 79 31 05 0 59 
7 36 28 04 0-59 
8 78 31 04 0 63 
9 73 2-4 08 0 96 

10 69 19 03 0 38 

1 10 31 04 035 

12 31 3:4 05 0 47 

13 53 34 17 1:87 

14 72 27 04 039 

15 56 21 03 04 

16 76 22 04 0-73 

17 60 24 05 0 59 

18 49 26 15 161 

19 37 17 04 054 

20 16 31 07 075 

21 80 17 03 0 62 

22 38° ! * 3'06” 7 05.. re 2e 7056 . 

23 19 32 05 052 

24 64 205 05 0 44 

.25 -66 28 05 077 

26 57 30 04 05 

27 82 27 04 0 45 

28 68 33 |: 03 043 

29 TI 20 04 054 

-30 34 30 08 ~ 0-76 

31 71 25 04 075 

32 73 21 05 070 

33 69 32 0-9 11 

34 69 26 07 0-54 

35 64 20 07 059 

36 65 26 09 117 

37 24 23 13 152 

` 38 73 31 13 124 

39 68 2-5 11 :099 

40 62 24 09 100 

4l 34 30 07 0 58 

Mean: value-(SD) -- -- 58 (19) 265(048) =`- 0 63 (0-34) 0 72:(0-35) 
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Aortic valve area (cm?) 
Fig7 Measurements of the aortic valve area performed by 
tivo independent observers. There was good agreement 
between the measurements performed on 31 patients by two 
observers. The line of equality is shown. (SEM 0-01 cm?, 
correlation coefficient 0-95 j. 


the line of equality. The mean difference was 
0-02 cm? with a standard deviation of 0-08. 


Discussion 


In the present study we used mapping of the aortic 
valve area to quantify previously diagnosed aortic 
stenosis. The rationale of our method, which is 
based on measurements derived from the flow map- 
ping procedure, has already been described and 
discussed for tricuspid!? and left sided regur- 
gitation.?? 

Our results show that the Doppler mapping pro- 
cedure provided a satisfactory assessment of the 
areas of flow. There was only one minor error of 
classification. Despite the good correlation between 
the invasive and the non-invasive data (fig 5), agree- 
ment between both methods was not complete; 
Doppler measurements often exceeded the values 
found at catheterisation. Figure 6b shows that the 
differences were, however, often minimal, but with 
some instances of larger variation. Is this variability 
in the measurements clinically acceptable? When the 
severity of aortic stenosis is assessed the aim is to 
detect or exclude the need for operation—that is a 
flow area of <0:75cm?. Figure 5 shows that the 
variability of the measurements did not affect the 
assessment of patients with large stenotic arcas 
(close to or above lcm’). Nor did it affect the 
efficiency of the new method in detecting all but one 
of the critical areas despite very wide differences 
between the invasive and non-invasive mea- 
surements in three patients. In these three patients 
the invasive values were considerably less than 


0-75 cm’, which is often the case in severe stenosis 
The range of areas «0-75 cm? and » 1 cm? covers 
most clinical situations. When the size of a stenotic 
orifice lies close to the critical value of 075cm", 
however, the variability in measurements might lead 
to misclassification. In our study there was only one 
error of this type. 

One explanation of the variability of the mea- 
surements may be insufficient spatial resolution of 
the sample volume. Spatial resolution varies with 
the depth of the recording site and with the size and 
shape of the sample volume. The width of the latter 
is determined by the beam width and the length by 
the pulse envelope. If the attenuation of the ultra- 
sound intensity is limited by a factor of 2 (6 DB) the 
sample volume will be an ellipsoid with a length of 
1:5 mm (three sine waves of 3 MHz) and width of 
1:5-2 mm (or stated more simply, a sphere of 2mm 
diameter)! The accuracy of the mapping pro- 
cedure depends on the accuracy of the determinatk 
of the absence of flow at the edges of the area. T 
will be least accurate at positions between 2 and 4 
(fig8); theoretically this error will be very smali 
because of the decreased energy of the 3 MHz ultra- 
sound wave reflected from both these positions. In 
most cases these errors are likely to be reduced by 
other factors, mainly the high pass filters of the veio- 
cimeter and the well known sharp decrease of the jet 
velocity profile within 0-5 mm to 1 mm of the edges. 
In some cases, however, the determination of the 
limits of flow might be affected by the extension of 
the boundary layer over a wider cross section of the 
jet than usual, as was shown experimentally in tight 
stenoses.?? This could lead to inaccuracy and might 
explain the scattered values for critical arcas within 
the 0:75 cm? limits on fig 5. 










Aortic valve area 


Fig 8 Schematic representation of the different positions of 
the sample volume along the border of the flow area. Se 








for explanation. SV, sampie volume. 
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Two other causes of variability between Doppler 
and invasive measurements should also be kept in 
mind. Firstly, the plane of the Doppler examination 
may differ slightly from that at which the jet starts. 
This is most unlikely to have occurred in our study 
because of the high correlation found between the 
measurements of the anteroposterior axis of the flow 
area obtained from short and long axis views. The 
long axis view ensured that the measurement was 
performed at the tips of the aortic valves. Secondly, 
the Gorlin formula produces an average figure by 
unit of time, representing a functional value of the 
area, whereas the Doppler measurements corre- 
spond to the area of instantaneous flow passing 
through an anatomical orifice. In addition, the Gor- 
lin formula takes into account the contraction 
coefficient of the jet after its starting point; this may 
account for some of the observed differences 
between both values. Surgical or pathological cor- 
relation was available in only a few cases. The rela- 
tively high percentage (44°,) of asymmetrical 
orifices shows that caution is required in using a sin- 
gle diameter to calculate the true area. 

As with all ultrasonic procedures a poor signal to 
noise ratio may limit the clinical application but 
future technological improvements should improve 
performance. Although the newer flow mapping 
multigate devices should make the procedure easier, 
they will also be affected by the problem of spatial 
resolution. The presence of low cardiac output is not 
a limiting factor because the new procedure 
remained accurate throughout the clinical range. 


This work was partly supported by grants from 
CNAMTS and the ARNTIC Research Association. 
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Percutaneous balloon valvotomy in tricuspid stenosis 


MUAYED AL ZAIBAG, PAULO RIBEIRO, SAAD AL KASAB 
From the Adult Cardiology Division, Riyadh Cardiac Centre, Kingdom of Saudi Arabia 


SUMMARY This report describes the first successful treatment of tricuspid stenosis by per- 
cutaneous double balloon valvotomy. There was a dramatic reduction of the tricuspid valve 
gradient, with an increase in calculated valve area, together with an increase in resting cardiac 
output and symptomatic relief. The feasibility of the non-surgical treatment of severe tricuspid 


stenosis was demonstrated unequivocally. 


Non-surgical balloon valvotomy has become an 
established treatment for pulmonary stenosis,’ and 
the technique is currently being assessed for the 
treatment of aortic and mitral stenosis.^? A single 
balloon was used in these studies; however, we have 
recently reported the advantages of a double balloon 
technique for mitral valvotomy.* 

We report the first successful treatment of tri- 
cuspid stenosis by percutaneous double balloon 
valvotomy. This case was selected for this treatment 
because of the unusual combination of severe rheu- 
matic tricuspid stenosis, with only trivial incompe- 
tence, and mild mitral stenosis. 


Case report 


A 45 year old labourer with a history of rheumatic 
fever presented with fatigue that limited his capacity 
to work and mild exertional dyspnoea. Examination 
showed sinus rhythm and a prominent “a” wave in 
the jugular venous pulse. Blood pressure was 130/85 
mmHg. The cardiac impulse was normal A 
diastolic thrill and murmur at the lower left sternal 
edge radiated to the apex; there was presystolic and 
inspiratory accentuation. The electrocardiogram 
showed biatrial enlargement with a right atrial vec- 
tor of 0-4 mV and no evidence of right ventricular 
hypertrophy. The chest x ray was unremarkable. 
Rheumatic tricuspid stenosis was confirmed by 
cross sectional echocardiography which showed 
thickening and doming of all three leaflets. Before 
cardiac catheterisation the patient was treated with 
digoxin and propranolol. Cardiac output was calcu- 
lated by the thermodilution technique. The mitral 


Requests for reprints to Dr Muayed Al Zaibag, Adult Cardiology 
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and tricuspid gradients were calculated by plani- 
metry and valve areas by the Gorlin formula. Angi- 
ographically there was a thickened and domed 
tricuspid valve with trivial incompetence. The hae- 
modynamic findings indicated severe tricuspid 
stenosis (fig 1 and table). There was mild mitral 
stenosis; the valve area was 2-0 cm.? 


Technique of tricuspid double balloon 
valvotomy 

Informed consent was obtained. Ten mg of 
diazepam was given orally as premedication and 
propranolol was continued. An 18 gauge cannula 
was inserted into the right femoral artery for pres- 
sure monitoring. A 7 French Berman angiocatheter 
was passed from each femoral vein to measure the 
pressure gradient across the tricuspid valve and to 
perform a right ventricular angiogram before and 
after balloon inflation. After calibration and the 
recording of identical simultaneous right atrial pres- 
sure tracings from both catheters, one catheter was 
advanced to the right ventricular cavity. Ten con- 
secutive cardiac cycles were recorded at a paper 
speed of 100 mm/s to measure the gradient across 
the tricuspid valve. The mean tricuspid gradient was 
only accepted after two identical simultaneous right 
atrial pressure traces had been recorded after the 
withdrawal of the right ventricular catheter back 
into the right atrium. 

The 0-038 inch Teflon coated exchange guide 
wires (250 cm long) with curved tips were advanced 
through two 7 French pigtail catheters, which pre- 
viously had been inserted percutaneously in each 
femoral vein. The curved end of each wire was posi- 
tioned at the apex of the right ventricle (fig 2). A 9 
French balloon catheter (Meditech; 15mm 
diameter, 3 cm length) was advanced percutaneously 
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Mean gradient 21-7 mmHg _ 
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Right atrial ( RA) right ventricular (RV) pressure gradient recording before (A), immediately after 


(B), and five months after (C) successful balloon tricuspid valvotomy. Note the reduction in the gradient and 


“a” wave amplitude. 


over each guide wire and positioned across the tri- 
cuspid valve under fluoroscopic control in the 10 
right anterior oblique projection. The balloons were 
correctly positioned across the tricuspid valve with 
the aid of injections of contrast media into the right 
atrium, and the positioning was confirmed by 
fluoroscopic detection of the indentation of the bal- 
loon during inflation. The balloons were inflated 
simultaneously on three occasions to a maximum 
pressure of 5 atmospheres (505 kN/m?). There was 
no reduction in the tricuspid gradient and no bal- 
loon indentation occurred during these inflations. 
Therefore, we replaced one of the 15mm diameter 
balloon catheters with a 20mm diameter balloon 
that was slid over the exchange guide wire which was 
left in position. The balloons were inflated three 


Table Haemodynamic findings before balloon tricuspid 
valvotomy (A), immediately after ( B), and at 5 month 
follow up ( C ) 


Variable 


Heart rate/min 
Cardiac index (l/min/m?) 
Pre “a” wave gradient (mm Hg) 
Mean gradient (mm Hg) 
) 


B 
68 
2: 
0 
2: 
Valve area (Gorlin) (cm 2: 
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more times. During the third inflation proper bal- 
loon alignment was achieved, with indentation of 
one balloon (fig 2). Disappearance of this inden- 
tation, together with the subsequent considerable 
reduction in the gradient, was taken to indicate a 
successful result. 

All inflations lasted for 8-12s, and during this 
time the systolic systemic arterial pressure remained 
> 80mm Hg. 


Results 


There was a considerable improvement in hae- 
modynamic variables immediately after balloon tri- 
cuspid valvotomy (table). At five month follow up, 
while the patient was still taking propranolol to 
maintain a similar heart rate, the haemodynamic 
improvement persisted. Biplanar right ventricul- 
ography showed no increase in tricuspid regur- 
gitation. The patient reported virtually normal 
effort tolerance and he had returned to his previous 
job. At clinical examination we found that the thrill 
and the long diastolic rumble had disappeared. 


Discussion 


This report illustrates the feasibility of percutaneous 
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Fig2 Two balloons positioned across the tricuspid valve. (a) Balloon indentation ( arrow ) during early inflation 
( b) Loss of balloon indentation after successful double balloon tricuspid valvotomy. 


balloon valvotomy of the stenotic tricuspid valve. 
With the double balloon technique we achieved a 
considerable reduction in tricuspid valve gradient 
together with an increase in valve area, without 
inducing further tricuspid regurgitation. Precise 
measurement of small pressure gradients is required 
for the haemodynamic diagnosis of tricuspid valve 
stenosis. Hence our strict technique for the gra- 
dient measurement includes a second set of simulta- 
neous right atrial pressure recordings, to ensure 
accuracy by establishing that no calibration drift has 
occurred, and the maintenance of a relatively 
constant heart rate with propranolol. 

Because of the size of the tricuspid valve, a double 
balloon technique was required. Our current ex- 
perience of 25 successful percutaneous mitral 
valvotomies* indicated that an adequate systolic 
blood pressure would be maintained during pro- 
longed balloon inflation with the double balloon 
technique, and this proved to be so. 

Because the thin leaflets of the tricuspid valve are 
easily damaged we initially used two 15mm 
diameter balloons. These were not successful, how- 
ever. Successful valvotomy, with the disappearance 
of indentation, was achieved only when one of the 
15 mm balloons was replaced by a 20 mm balloon. 

Because tricuspid stenosis and mitral stenosis can 
occur together, and in view of the recent demonstra- 


tion of successful double balloon mitral valvotomy 
this technique could be applied concurrently to bot! 
stenotic valves. 


We thank Dr William Sawyer for assistance wit! 


preparation of the manuscript and the medical illus 
tration department for their contribution 
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Pericardial constriction caused by primary 


mesothelioma 


MICHAEL J LLEWELLYN, MARK W ATKINSON, BRIAN FABRI 


From the Regional Adult Cardiothoracic Unit, Broadgreen Hosital, Liverpool 


SUMMARY Primary pericardial mesothelioma is an extremely rare tumour. This case illustrates 
the typical late presentation with symptoms and signs of constrictive pericarditis. An unusual 
feature was complete encasement of the heart by tumour. No satisfactory treatment is available. 


Case report 


A 69 year old retired seaman gave a two month his- 
tory of progressively worsening breathlessness and 
central chest discomfort on effort. There was associ- 
ated weight loss, anorexia, night sweats, and pro- 
nounced peripheral oedema. Symptoms were partly 
relieved by diuretics and vasodilators. 

Previous illnesses included longstanding, but well 
controlled, hypertension (treated with atenolol and 
hydralazine) and resection of an enlarged prostate 
two years before presentation, in which histological 
examination showed foci of well differentiated pros- 
tatic adenocarcinoma. 

On examination he was unwell, slightly jaundiced, 
and dyspnoeic at rest. The pulse was regular and of 
small volume, and the blood pressure was 
90/60mm Hg. The jugular venous pulse was 
elevated to the angle of the jaw, with sharp "y" 
descent and there was pitting oedema up to the 
knees. The cardiac apex was impalpable and the 
heart sounds quiet without added sounds or mur- 
murs. The lungs were moderately congested with a 
small right pleural effusion. 

A chest radiograph showed cardiac enlargement 
(cardiothoracic ratio 58",,), pulmonary venous con- 
gestion, linear collapse, and bilateral pleural 
effusions. No pleural plaques or lung tumour were 
seen. The electrocardiogram showed low voltage 
QRS complexes with non-specific T wave changes. 
Echocardiography demonstrated thickened peri- 
cardium with small anterior and posterior peri- 
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cardial effusions, normal valves without vegetations, 
and satisfactory ventricular contractility. 

Initial investigation showed: haemoglobin 
12:8g/dl; white cell count 10:8 x 10?/l; sodium 
128 mmol/l; urea 21-7 mmol/l; creatinine 
211 mmol/l; concentrations of liver transaminases 
were slightly raised; lactate dehydrogenase 189 U/I 
(normal 80-160 U/l); alkaline phosphatase 133U/l. 
Blood, sputum, and urine culture were sterile. Viral 
titres, tuberculin test, and autoantibody screen were 
negative. Acid phosphatase concentration was not 
raised. Pleural aspiration drew clear yellow fluid. 
protein content 35 g/l; cytology showed mesothelial 
cells. 

At cardiac catheterisation diastolic pressures in all 
chambers were almost equal (right atrium mean 22; 
right ventricle 40/22; pulmonary artery 45/30; mean 
pulmonary capillary wedge 24; left ventricle 100/22; 
aorta 100/80mm Hg.) Cineangiography showed 
small and well contracting left and right ventricles 
with considerable limitation of diastolic filling. 
Coronary arteriography showed a 75", proximal 
stenosis of the anterior descending branch of the left 
coronary artery. 

At thoractomy the heart was found to be sur- 
rounded by thick white tumour masses, which had 
spread to the adjacent mediastinal nodes and pleura. 
Resection was impossible and the patient died 
several hours after return from the operating 
theatre. 

At postmortem the whole heart was found to be 
encased by tumour, with pericardium adherent to 
the epicardium forming a continuous band of white 
tissue 1 cm thick (fig 1). Several nodules of tumour 
surrounded the great vessels and the heart plus 
tumour weighed over 1 kg. Numerous small pleural 
nodules of tumour were present, and none was 


Pericardial constriction caused by primary mesothelioma ) 


s WU a 


Fig 1 Transverse section of heart and great vessels 
showing complete encasement of heart by tumour 


larger than 1 cm in diameter. There was no evidence 
of residual prostatic tumour or of any pelvic or 
abdominal neoplasia or lymphadenopathy. 

The histological appearances of most of the peri- 
cardial tumour indicated an anaplastic carcinoma 
that had infiltrated the myocardium (fig 2). There 
were, however, numerous areas showing papillary 
differentiation (fig3a), acinar elements (fig 3b), 
mesothelial differentiation (fig3c), and frankly 
sarcomatous differentiation (fig 3d). Neutral mucin 
stains (periodic acid Schiff diastase) and immu- 
noperoxidase stains for prostatic acid phosphatase, 
prostatic specific antigen, and carcinoembryonic 
antigen were negative. These features meet the diag- 
nostic criteria for malignant mesothelioma. ' 


Discussion 


Primary tumours of the pericardium are extremely 
rare; one of the largest necropsy series of recent 
years gives an incidence of 0:0022°, in 500000 
cases.^ Mesothelioma is probably the commonest 
type, followed by sarcoma, teratoma, fibroma, 
lipoma, and angioma.* The incidence in both sexes 
is almost equal, with an age range of 1-79 years. 





The tumour is commonly diagnosed at a late stage 
and often results in evidence of constriction caused 
by tumour expansion or associated serous or ha 
morrhagic pericardial effusion. The diagnosis in this 
case was suspected because of thickened per 
cardium seen on the echocardiogram; and in view of 
the previous history of malignancy, a secondary 
rather than primary tumour seemed more likel 
Although cardiac catheterisation can confirm per 
cardial constriction and indicates ventricular fun: 
tion, definitive diagnosis is often not made until thi 
ractomy. The pleural exudate obtained in this case 
contained non-specific mesothelial cells and was 
clearly a pointer to the tumour. Pericardial 
aspiration was not attempted before operation but 
would probably have produced a dry tap, perhaps a 
helpful feature in differential diagnosis 

Radioisotope scanning with gallium or tect 
netium may be used to detect malignant pericardial 
effusion but results are not regarded as being high! 
specific." Computed tomography may well be help 
ful in distinguishing tumour from fluid in the peri 
cardial space.* 





Fig 2 


tumour. 


Photomicrograph showing myocardial infiltration ¢ 
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Fig3 Photomicrographs (a) papillary elements, (b) acinar elements, ana showing (c) mesothelial and (d) sarcomatous 


differentiation. 
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The gross pathological appearance may be of a 
localised mass, solid or cystic or angiomatous, or of 
diffuse nodules. Complete encasement of the heart 
by tumour is an unusual feature and has been rarely 
reported.^ ^* The pericardial tumour is often adher- 
ent to or may invade the myocardium.? The tumour 
can also invade the conducting tissue or coronary 
arteries, or compress the great vessels. Local spread 
is common, but extrathoracic metastasis is extremely 
rare. In one review stringent criteria were applied to 
the diagnosis of mesothelioma when the pericardium 
was the postulated primary site,!? particularly when 
numerous pleural metastases were present. The 
clinical presentation and pathological distribution of 
tumour must, therefore, be considered together 
when deciding on the diagnosis and primary site. 
Histological differentiation is often difficult because 
of the pleomorphic nature of the tumour. 

Possibilities for treatment are usually limited by 
late detection. Complete tumour resection is virtu- 
ally impossible so operation is usually confined to 
attempts to relieve obstruction. The results of sys- 
temic chemotherapy are disappointing; but if associ- 
ated pericardial effusion is present local instillation 
of cytotoxic drugs or sclerosing agents can be help- 
ful. Radiotherapy may temporarily reduce the size of 
the tumour. 

There has been no clear association between 
asbestos exposure and pericardial mesothelioma. 
This is probably because the paucity of recorded 
cases has not allowed an adequate epidemological 
study. As in many cases, this diagnosis was made 
after death and the relevant history was not avail- 
able. 


en 


We thank Dr R G Charles and Mr ] B Meade for 
permission to report this case and Dr W Kenyon and 
Dr F Whitwell for their help with histological 
assessment. 
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Successful treatment by doxycycline of endocarditis 


caused by ornithosis 


LJEWALKER, AAJ.ADGEY 


From the Regional Medical Cardiology Centre, Royal Victoria Hospital, Belfast, Northern Ireland 


SUMMARY The case of a 59 year old man with ornithosis endocarditis and a history of contact 
with pheasants is reported. Treatment with oxytetracycline was not tolerated and so doxycycline 
was substituted. Over the two year follow up the patient's clinical condition and serial echo- 
cardiographic appearances improved and Chlamydia psittaci complement fixation titres returned 


to normal. Valve replacement was not required. 


Case report 


A 59 year old security officer was admitted to hospi- 
tal in Londonderry, on 4 August 1983. He gave a six 
month history of loss of energy, anorexia, excessive 
sweating, non-productive cough, mild shortness of 
breath, and weight loss of 16 kg. Early on in the 
illness, he had noticed headaches in the morning. 
There was no previous cardiac history. Medication 
on admission was oral iron..He had not received 
antibiotics. 

He kept chickens, which appeared to be healthy. 
He had not been in contact with budgerigars, tur- 
keys, pigeons, parakeets, or cats. 

He was thin on admission, with a temperature of 
100°F (37:75°C). Early finger clubbing was present, 
but there were no petechiae or splinter hae- 
morrhages. There was no lymphadenopathy. A 
grade 3/6 apical systolic murmur radiating to the 
axilla and a grade 1/6 early diastolic murmur along 
the left parasternal edge were heard. Chest was 
clinically clear. The spleen was enlarged (3 
fingerbreadths) but the liver was not. Fundoscopy 
was normal. 

The initial haemoglobin concentration (10 g/dl) 
and red cell indices, and white cell, platelet. and 
reticulocyte counts were normal. The erythrocyte 
sedimentation rate was > 150 mm/h. Blood urea and 
electrolyte concentrations and liver function tests 
were normal. Six blood cultures showed no growth. 
Gammaglobulin was 50 g/l (normal range 7-15 g/l), 
C3 complement 0-42 g/l (normal range 0-5-1-2 g/l), 
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and C4 0-18 g/l (normal range 0-2-0:5 g/l). Circu- 
lating immune complexes were not detected. Urine 
microscopy showed no red cells and a chest x ray 
indicated: slight cardiomegaly. Electrocardiogram 
showed mild left ventricular hypertrophy on voltage 
criteria.. Serological testing for Q fever, Brucella, 
Mycoplasma pneumoniae, and the Paul-Bunnell reac- 
tion were negative. The Chlamydia psittaci com- 
plement fixation titre was 1:160. M -mode-echo- 
cardiography showed a vegetation on the mitral 
valve. 

Culture negative endocarditis was diagnosed. 
Intravenous benzylpenicillin (16 megaunits) and 


. gentamicin (240 mg) given daily in divided doses 


were started on the second day of admission. After 
this. treatment the patient felt better and there was 
no fever. Splenomegaly diminished rapidly. 

On the tenth day of admission the patient -was 
transferred to our centre. Cross sectional echo- 
cardiography confirmed a vegetation on the mitral 
valve. There was moderate mitral and aortic incom- 
petence. The non-coronary cusp of the aortic valve, 
which was tricuspid, appeared to be partially dis- 
rupted. ; 

After three weeks, penicillin treatment was with- 
drawn because severe neutropenia. developed. .The 
white cell count recovered rapidly after withdrawal 
of the drug. Vancomycin was substituted and gen- 
tamicin was continued. Six weeks after his initial 
admission to hospital the Chlamydia psittaci com- 
plement fixation titre was 1:1280 and oxy- 
tetracycline (250 mg orally four times a day) was 
started. Vancomycin (which he-had been given for 
three weeks) and gentainicin (for six weeks) were 
discontinued. 

Further questioning at this stage revealed a new 
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possible source of infection—his son's pheasants. tive blood cultures in 53 cases.! Chlamydi: 


The patient, who was responsible for feeding them, implicated in one case. In an earlier review 
had noticed that two of them had been unwell and anti and Smith of 52 cases of culture negatis 
that they were "shedding feathers". Six months carditis, Chlamydia was not mentioned.’ V 


before admission he had injured the palm of his right found nine published reports of Chlam) 
hand on the barbed wire fence enclosing the pheas- throughout the world. ? Of these 
ants. The pain caused by the injury was so severe Three of these owed their survival to valve req 
that he was unable to use his hand for three days. ment.? *? The only patient in whom medic 
Because oxytetracycline caused nausea and vom- ment alone was successful was described 
iting in this patient we treated him with doxycycline walla et al.” In their patient tetracycline t 
200 mg orally daily), which was well tolerated. failed but rifampicin was successful 
Treatment was continued for two years, and during Most patients had been in contact witl 
this time he gained weight, and the haemoglobin, budgerigars, parrots, canaries, and pigeon 
erythrocyte sedimentation rate, and high y globulin to be the main sources of infection. In 196 
concentration became normal. The Chlamydia reviewed the host range of Chlamydia and tal 
psittaci complement fixation titre reverted to 1:160. about 130 species of birds known to harbi 
Serial echocardiography (fig a and b) showed that — mydia.'? Other animals, including the dome 
the vegetation on the mitral valve became smaller. can spread the disease. Regan er a/ reported inf 
Moderate mitral and aortic incompetence persist. endocarditis with glomerulonephritis as: 
Disposal of the birds by the patient's family was with Chlamydia psittaci infection of a cat 
unsatisfactory; the chickens were sold and the patient the birds that appeared to have beer 





pheasants were set free. were the pheasants. Nevertheless, apy 
healthy chickens can harbour the organism. W 
Discussion could not confirm the source of infection, bec 


of the birds had been disposed of; unfortunate 
Endocarditis caused by Chlamydia is rare. In a were not destroyed as has been recommend: 
recent review of 544 episodes of infective endo- On at least three occasions our patient ! 
carditis in 541 patients Bayliss er al reported nega- questioned closely about avian contact 








Figure Cross sectional echocardiograms of a four chamber view obtained in September 1983 (a) and showing a vegetat 
the mitral valve and ( b) in August 1985. The size of the vegetation on the mitral valve is considerably reduced in 
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the most relevant part of the history only emerged 
after repeated questioning is in keeping with the 
experience of others, who have found that a history 
of exposure to birds is often only obtained after 
repeated questioning. 

This patient is unusual in that pneumonitis did 
not appear as a major complication, nor was it the 
reason for presentation.!? Cardiac complications of 
chlamydial infection include myocarditis,!* !5 peri- 
carditis,!$ and endocarditis.? ^? In addition, Ward 
and Ward have suggested a link between chronic 
infection and acquired valve disease.!" Embolic 
phenomena have been described, but were not a 
feature in this case. 

The initial good response to benzylpenicillin and 
gentamicin treatment was undoubtedly. due to the 
penicillin; however, many workers have observed 
penicillin treatment failures. The aminoglycosides 
have no demonstrable activity against the 
organism.!? There is another published report of 
successful medical treatment with doxycycline; 
however, the patient died a month after double valve 
replacement that was carried out approximately two 
years after the initial presentation.!! Because Chla- 
mydia psittaci is an intracellular organism,!$ and 
tetra-cycline is only a static agent the patient is being 
kept under close review in case the need for long 
term doxycycline treatment or valve replacement or 
both arises. Oakley has suggested that valve replace- 
ment should be carried out in most cases.!? After 
two years’ follow up, the Chlamydia psittaci com- 
plement fixation titre in our patient remains at 
1:160. Valve replacement has not been necessary. 
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Proceedings of the British Cardiac Society 


THE AUTUMN MEETING of the British Cardiac Society 
was held at the Wembley Conference Centre, Lon- 
don, on Tuesday to Thursday, 25 to 27 November 
1986. The President, D G JULIAN, took the Chair 
during private business. The scientific sessions were 
under the chairmanship of P HARRIS. 


Abstracts of papers 


Medial and endothelial functional integrity 
during preparation of autologous human 
saphenous vein for coronary artery bypass 


grafting 


G D Angelini 

Department of Cardiac Surgery, University 
Hospital of Wales, Cardiff, and Department of 
Cardiology, University of Wales College of 
Medicine, Heath Park, Cardiff 


Inadvertent medial and endothelial damage caused 
during surgical preparation may contribute to sub- 
sequent vein graft occlusion. Measurements of ATP 
concentration and ATP:ADP ratio provided quan- 
titative markers for medial integrity and of stimu- 
lated prostacyclin production for endothelial func- 
tion. ATP concentration was reduced from 480 (30) 
(n — 28) to 260 (40) nmol/g wet weight (n — 15) and 
ATP:ADP ratio from 2-4(0-1) to 1:3(0 1) during 
surgical preparation 1n which patient's heparinised 
arterial blood was used for distension and per- 
operative storage. ATP  concentranon was 
significantly lower (170 (20) nmol/g wet weight, n — 
13, p « 0:05) when distension pressure was not limi- 
ted to 300 mm Hg. Experimental distension but not 
storage reproduced these effects of surgical prepara- 
tion. Surgical preparation also reduced the rate of 
stimulated prostacyclin production from 9 (1) (n = 
36) to 5 5(0 6) pg/min/mg wet weight (n = 22). Nei- 
ther distension nor storage was responsible for the 
reduction, which appeared to be the result of endo- 
thelial fragility under surgical manipulation. A mor- 
phometric technique showed that surgically pre- 
pared veins had only 45 (7) % of their intimal surface 
covered with an intact endothelium. After surgery 
preparation (n — 12) by means of a procedure that 
used first proximal anastomosis and distension of 
the vein by the patient's own arterial pressure, 
ATP concentration (480(70) nmol/g wet weight), 
ATP:ADP ratio (2 4(0 1), and prostacyclin pro- 
duction (10(2)pg/min wet weight) were indistin- 


guishable from values in freshly isolated vein. 
The patency rate of vein grafts with an intact 
media and endothelium must now be investigated. 


Ambulatory pulmonary artery pressure 
monitoring in the investigation of 
myocardial ischaemia 


R D Levy 
National Heart Hospital, London 


A new method for the measurement of ambulatory 
pulmonary artery diastolic pressure by a transducer- 
tpped catheter and a simple recording system has 
been developed and applied to study changes in left 
ventricular filing pressure during myocardial 
ischaemia. Changes in pulmonary artery diastolic 
pressure and the ST segment of a frequency modu- 
lated electrocardiogram were assessed on a beat to 
beat basis 1n 19 patients with coronary artery disease; 
six patients with syndrome X and six subjects acted 
as controls. During exercise, pulmonary artery 
diastolic pressure increased in patients with coro- 
nary artery disease; episodes of painful and painless 
ST segment depression during ambulatory moni- 
toring were accompanied by similar rises in pul- 
monary artery diastolic pressure. There was no 
1ncrease in pulmonary artery diastolic pressure dur- 
ing exercise or ambulatory monitoring 1n controls or 
patients with syndrome X. All groups, including 
controls, showed a significant rise ın pulmonary 
artery diastolic pressure at night and this may be of 
importance in reducing tbe threshold for nocturnal 
myocardial 1schaem1a. 

Thus ambulatory pulmonary artery pressure 
monitoring has permitted the haemodynamic 
significance of ST segment changes during myo- 
cardial ischaemia to be evaluated in ambulant 
patients. 


Cardiac pumping capability and prognosis in 
heart failure 


L B Tan 
Department of Cardiovascular Medicine, 
East Birmingham Hospital 


When the maximum pumping performance of a fail- 
ing heart cannot exceed the resting level of normal 
individuals (whose average cardiac power output 1s 
1 1 W), the prognosis can be regarded as grave This 
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hypothesis was tested in 63 patients with severe 
acute and chronic heart failure (New York Heart 
Association class III or IV; left ventricular ejection 
fraction 242(10-0)95). Haemodynamic measure- 
ments were made by means of thermodilution Swan- 
Ganz catheters and arterial cannulas. The maxi- 
mum cardiac performance was determined by 
calculating the maximum hydraulic power output 
achieved by the heart during incremental dob- 
utamine infusion, and the patients were prospec- 
tively followed up for one year. Twenty two patients 
had maximum power output (Wma) < 1:1 W and all 
but three of them died (of terminal heart failure) 
within one year. Forty one patients had 
W max > 1:1 W; 37 of them survived for more than one 
year and four died suddenly. In the subgroup of 27 
patients who had cardiogenic shock at the time of 
investigation, all (n = 17) who had Wa, <1:1W 
died within the follow up period. 

In conclusion, the results of this prospective study 
showed that hydraulic power output 1s a meaningful 
measure of cardiac pumping performance, and that 
the mechanical state of the heart 1s incompatible with 
prolonged survival if its maximum power output is 
less than the normal resting value. 


Is there an optimum waveform for cardiac 
defibrillation? 


C M Wilson 
Royal Victoria Hospital, Belfast 


One, five, or 10 transthoracic shocks (400] stored 
energy) were applied to anaesthetised greyhounds. 
'Twenty dogs died during the experiment (1 shock, 
0/6; 5 shocks, 8/18; 10 shocks, 12/17). There was 
little damage in the 1 shock group at 3 days 
(0-01 (SEM) 0-01 g). The survivors in the five and 10 
shock groups had significant ST segment elevation at 
15 min and macroscopic cardiac damage at 3 days (5 
shock, 7-2 (2) g and 10 shocks 13-1 (1-8) g, p<0-05). 
The defibrillation threshold of five waveforms was 
compared in eight dogs (Lown, Belfast, Edmark sine 
waves, and 5 and 20ms trapezoid waves). The 
threshold currents of the three sine waves and 5 ms 
trapezoid were not significantly different (Lown 
1222(1-2)A, Edmark 14 7 (0:9) A, Belfast 
15-7 (1 1) A, 5 ms 12 2(1-3) A). The 20 ms threshold 
(9 0(1:1) A) was significantly less than that of the 
Belfast and Edmark sine waves (p « 0:01). The dam- 
age caused by these five waveforms was assessed at 3 
days in the 26 survivors out of 49 dogs (no shocks (6 
dogs) or 5 shocks (400] for sine waves: capacitor 
voltage 1100 V for trapezoidal waveforms)) The 
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Belfast (21-9 (2-9)g) and Edmark (16-0 (3-7) g) sine 
wave caused significantly more damage than the 
Lown sine wave (3:5(1:3)g) (p «0 01). The 20 ms 
trapezoid waveform (8:1(3 1)g) caused more dam- 
age than the 5 ms waveform (0-7 (0-3) gm) (p « 0-05). 

Increasing numbers of high energy shocks are 
associated with increasing mortality and cardiac : 
damage. Different waveforms differ in their potential 
to cause injury in this model. 


Results from surgical treatment for 
ventricular tachycardia and fibrillation 


AW Nathan, SR Large, DW Davies, CP Young, 
AJ Camm, SJ Edmondson, G M Rees, 

RAJ Spurrell 

St Bartholomew’s Hospital, London 


Since 1977, 54 patients aged 16—75 (mean 55) years 
have undergone operation for ventricular arrhyth- 
mias. Fifty two presented with ventricular tachy- 
cardia (nine of these also had ventricular fibrillation) 
and two presented with ventricular fibrillation alone. 
'The aetiologv was thought to be ischaemic in 45 
(usually with poor left ventricular function), two had 
right ventricular dysplasia, two had coronary muscle 
bridges, one had global cardiomyopathy, one had 
mitral prolapse, one was post-Fallot's repair, and 
two had no other detectable heart disease. Anti- 
arrhythmic procedures (multiple in some cases) 
included endocardial resection in 35, aneurysmal/ 
myocardial resection in 31, cryoablation in 14, ven- 
triculotomy in seven (encircling in two), and coro- 
nary grafting alone in two. Coronary grafting was 
performed as an additional procedure in 23, mitral 
replacement in two, division of a muscle bridge in 
two, and repair of a ventricular septal defect in one. 
Implantable defibrillator patches were placed in two. 
Fifty two (9695) patients survived operation but an 
additional 10 died before discharge, giving a total 
mortality of 12(22%) patients. At discharge 
28 (52%) patients were totally arrhythmia-free with- 
out medical treatment and 12(22%) were 
arrhythmia-free with medical treatment (previously 
ineffective), giving a total of 40 (7495) patients com- 
pletely controlled. The first and second halves of the 
group were compared. Overall mortality fell from 
30% to 15%, while the success rate without medical 
treatment rose from 37% to 67% and overall success 
rose from 67% to 81%. 

Operation for ventricular arrhythmias is highly 
effective despite the generally poor myocardial func- 
tion of this patient group. Increasing experience, 
with better mapping and surgical techniques, has 
improved both the success rate and survival. 
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Prevention of sudden death: two years? 
experience with the implantable defibrillator 


P Holt, J C P Crick, E Sowton 
Guy's Hospital, London 


The automatic implantable cardioverter defibrillator 
offers long term protection against sudden death in 
patients with paroxysmal ventricular tachycardia 
(VT) and ventricular fibrillation (VF). We report 
our two year experience with this device. Four auto- 
matic implantable defibrillators model B (AID-B) 
were used in three patients. There were two men and 
one woman aged 76, 50, and 49 years. One had 
ischaemic heart disease and two had cardio- 
myopathies. All had documented recurrent episodes 
of VT and VF producing syncope and requiring car- 
dioversion. These arrhythmias occurred despite 
antiarrhythmic drugs. After a median sternotomy 
two screw-in electrodes and two patches were 
sutured to the ventricular epicardium. The former 
were used for sensing and the latter for defibrillation. 
During the operation VF/VF was induced in all 
patients and the patch positions were adjusted to 
produce a defibrillation threshold of 15 J or less. The 
AID-B unit was positioned in a pocket on the upper 
abdominal wall. There were no complications. The 
50 year old man also had an antitachycardia pace- 
maker (Tachylog) implanted to terminate VT. The 
AID-B device was implanted as back-up should 
accleration of the VT occur. Follow up ranges from 
5 to 24 months. The AID-B has successfully 
defibrillated two episodes of VF in one patient. In 
the second patient the Tachylog has terminated 50 
attempts of VT and the defibrillator six episodes of 
VF. The woman has had only short runs of VT 
which have not yet required defibrillation. Pre- 
mature failure of the device at 19 months occurred in 
one patient, and inappropriate defibrillation 
occurred immediately after operation in another. 
This was due to uncontrolled AF. All patients are 
now well and active. 

Thus the AID-B is safe and effective in the treat- 
ment of patients with VT/VF. 


Surgical management of ventricular 
arrhythmias within two months of myocardial 
infarction 


J Bourke, Suda Tansuphaswadikul, J C Cowan, 
CJ Hilton, R W F Campbell 
Freeman Hospital, Newcastle upon Tyne 


Patients with medically refractory sustained ventric- 
ular tachycardia (VT) and recurrent ventricular 
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fibrillation (VF) complicating the late hospital phase 
of myocardial infarction have a very poor prognosis. 
Thirteen such patients aged 40—68 years underwent 
arrhythmia surgery within two months of anterior 
myocardial infarction (three patients within four 
weeks). Nine had uniform VT, three had multiform 
VT/VF, all had required DC cardioversions, and all 
had failed muluple drug tests (mean 4-5) including 
amiodarone in 10 patients. In 12 patients left ven- 
tricular function was poor: mean ejection fraction 
was 21% (range 14-31%) and mean end diastolic 
pressure 21mm Hg (range 14-30mmHg). One 
patient had normal left ventricular function with an 
ejection fracuon of 47%. Surgery was based on 
epi/endocardial activation mapping 1n VT and frag- 
mentation mapping ın sinus rhythm (abnormal elec- 
trograms defined as >100ms duration). VT was 
“macro” reentrant in three patients. All electrically 
abnormal left ventricular endocardium was resected 
in 13 patients, with additional mght ventricular 
resections in one and cryoablations in two. Coronary 
artery grafting was performed in six patients, 
aneurysmectomy in nine, and mitral valve replace- 
ment in one. The perioperative mortality was 30:8% 
(four of 13 patients). All died of pump failure. Death 
was unrelated to tme from infarction (4, 5, 6, and 8 
weeks), ejection fraction (17%, 20%, 27%, and 
25%), and VT type. In the nine survivors there have 
been no late deaths or arrhythmia recurrences 
(median follow up 14 months). None 1s on anti- 
arrhythmic drugs. 

Surgical treatment of medically refractory ventric- 
ular arrhythmias carries a high operative mortality 
but is an effective management strategy even in 
patients with severely impaired left ventricular 
function. 


Antitachycardia pacing: use of the 
Intermedics Intertach with a temporary 
electrode for ambulatory electrophysiological 
studies and assessment before permanent 
implantation 


J E Sanderson, RBG Palmer, B Y Wright 
Department of Cardiology, Taunton and Somerset 
Hospital, Musgrove Park Branch, Taunton, 
Somerset 


The results from electrophysiological studies (EPS) 
done in the laboratory can be misleading because of 
changes in autonomic tone. Therefore for assess- 
ment of patients before implantation of anti- 
tachycardia pacemakers we have devised a system 
that uses an Intermedics Intertach pacemaker with a 
temporary atrial electrode for the proper assessment 
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of the best termination program during normal 
ambulatory conditions for up to one week. To date 
three patients (ages 27, 24, and 57) have been studied 
in this way. They were considered for anti- 
tachycardia pacing because of recurrent symptom- 
atic tachycardias unresponsive to the usual drugs 
(including amiodarone) or because of side effects. A 
short EPS study was done to confirm the diagnosis 
of reciprocating atrioventricular (AV) nodal tachy- 
cardias that would terminate with extra stimuli and 
to ensure that there was not an AV bypass tract that 
would conduct at high rates during atrial fibrillation. 
A transvenous temporary atrial electrode was left in 
situ and connected externally to an Intermedics 
Intertach (model 262-12) in a box that was attached 
to the patient. In this way we were able to study 
many different programs, starting and terminating 
the tachycardia at will under all normal ambulatory 
conditions including during treadmill exercise test- 
ing. When we were satisfied that the tachycardias 
could be properly controlled under all conditions, a 
permanent Intermedics Intertach pacemaker was 
implanted in the usual way (on the other side). In all 
three patients the control of the tachycardias has 
been excellent. 

We suggest therefore that a trial period with an 
external Intertach pacemaker is the best form of EPS 
for these patients, so that the termination programs 
can be checked under normal conditions. 


Low energy ablation of atrioventricular 
conduction: comparison with conventional 
ablation 


A D Cunningham, E Rowland, A F Rickards 
National Heart Hospital, London 


Ablation of atrioventricular (AV) conduction by 
catheter electrodes has become an accepted method 
for the treatment of refractory supraventricular 
arrhythmias. We used a conventional high energy 
defibrillator (group A, six patients) and subsequently 
used a modified low energy delivery system which 
optimises peak delivered current while reducing 
delivered energy (group B, four patients). In Group 
C (two patients) both techniques were attempted. 
Conventional electrode catheters were used in all 
patients. Ten patients had paroxysmal or established 
atrial flutter or fibrillation and two had permanent 
junctional reentry tachycardia. In group A (all male; 
aged 38-68 (mean 54)) a low energy (10-20 J) shock 
was delivered to demonstrate transient interruption 
of AV conduction and was followed by definitive 
shocks of 320J. Two patients each underwent two 
procedures. After follow up of 22-28 months (mean 
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25) complete heart block has persisted in five, but in 
one patient conduction returned. Total delivered 
energy was 340-1280] (mean 711 J). In group B (2 
men, 2 women; ages 55-68 (mean 62)) initial low 
energy shocks ranged from 0:5-2 J. Definitive shocks 
ranged from 3 to 37 J. One patient required a second 
procedure. Persistent complete heart block was 
achieved in three (follow up 7-11 months) patients; 
in the remaining patient AV conduction returned 
after three months, but symptoms are controlled by 
previously ineffective drugs. Total energy in group B 
patients was 3:6—39-7] (mean 20:2]). In group C 
(one man, one woman; aged 61 and 45) attempts with 
conventional ablation techniques (total energy 350 J 
and 1000]) failed to produce permanent complete 
heart block; low energy ablation (maximum 40], 
total energy 118] and 182 J) also failed. 

Thus low energy ablation may be achieved with 
greater than tenfold decrease in delivered energy 
without compromising the success of the technique. 


The role of electrode geometry in successful 
low energy ablation 


P Hoit, E Boyd 
Departments of Cardiology and Clinical Physics and 
Bioengineering, Guy's Hospital, London 


We investigated the effects of varying energies used 
by electrodes of different geometry in order to 
reduce energy requirements for endocardial 
ablation. Tank, gel, and animal studies were per- 
formed before clinical use. From initial experiments 
with eight leads three electrodes were chosen; there 
were the 6F bipolar USCI, the Vitatron helifix, and 
Sorin S90. They were studied in eight adult mongrel 
dogs. The electrode under test was positioned in the 
right, then left ventricle, and energy: delivered to 
each in turn. Electrocardiograms and 24 hours tapes 
were repeated monthly. At five months left ventricu- 
lar angiograms and endo- and epicardial electro- 
grams were obtained. The energy delivered was 10J 
(Sonn), 50J (Helifix), and 50-400J (USCI) and 
energy was delivered as single and multiple impulses 
(for example 1 x 50J and 5 x 10J). Acute compli- 
cations included sudden death and arrhythmias. 
These were related to high energies, multiple shocks, 
and the USCI electrode. In the long term thin walled 
aneurysm was produced in one dog who had 50 J via 
a USCI catheter. The size of the endocardial lesions 
at five months ranged from 8 x 5mm to 30 x 35mm 
and lesions were largest with 50J via the Helifix 
electrode. The Sorin S90 (10J impulses) produced 
well localised lesions at 5 months that were 5-10 mm 
in diameter. Fewer complications occurred with this 
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electrode and it was chosen for clinical trial. 

It has subsequently been used in His bundle 
ablation in two male patients with paroxysmal atrial 
fibrillation. Successful ablation of conduction was 
safely achieved by a single shock of 10J. 


Magnetic resonance imaging of pulmonary 
arteries and their systemic connections in 
pulmonary atresia 


R SO Rees, Jane Somerville, S R Underwood, 
DN Firmin, RH Klipstein, D B Longmore 
Paediatric and Adolescent Unit, National Heart 
Hospital, and Magnetic Resonance Unit, National 
Heart and Chest Hospitals, London 


Patients with complex pulmonary atresia require 
several investigations and operations. The role of 
magnetic resonance (MR) in assessing the origin and 
course of systemic collateral arteries, the anatomy of 
the central pulmonary arteries, and the patency of 
surgical shunts has been studied with the aim of 
reducing the need for invasive angiography. Trans- 
verse, coronal, and sagittal MR images were 
obtained in eight adolescent patients and they were 
assessed without knowledge of surgical and angio- 
graphic data. The MR images showed the origin and 
proximal course of 12 out of 15 large systemic col- 
laterals in six patients. Their full course and distal 
connections were not seen. The other two patients 
had no large collaterals on the MR images or at 
angiography. Central pulmonary artery anatomy 
varied from full development to complete absence. 
Transverse slices showed hypoplastic pulmonary 
arteries particularly well and the MR findings were 
in close agreement with surgical and angiographic 
data in all patients. Two surgical shunts were shown 
to be patent and five occluded at operation and 
angiography, and this was confirmed on the MR 
images. The patency of a further four shunts was 
uncertain, but the MR studies suggested that they 
were occluded. 

MR imaging is capable of providing essential 
information for the management of pulmonary 
atresia without the need for invasive investigation. 


Coarctation of the aorta: an 
echocardiographic, anatomical, and 
functional study 


L D Allan, S Chita, RH Anderson, N Fagg, 

D C Crawford, MJ Tynan 

Guy's Hospital and the Cardiothoracic Institute, 
London 
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In a study of over 3000 patients by fetal echocardio- 
graphy the right ventricle was normally seen to be 
similar in size to the left, and the pulmonary artery 
was slightly larger than the aorta. In our series 25 
patients had normal cardiac connections but 
right/left ventricular and pulmonary artery/aortic 
disproportion, with the right side of the heart dilated 
relative to the left. In 22 cases the disproportion was 
seen prenatally, ın three cases retrospectively. 
Because this appearance was associated with 
coarctation of the aorta in an initial case, aortic arch 
anomaly was strongly suspected ın 19 of the 22 cases 
which were noticed in prenatal lfe. In the other 
three cases the ventricular disproportion was 
thought to be related to the presence of a 
diaphragmatic hernia. Aortic arch anomaly, 
coarctation, or interruption was confirmed in 15 of 
the 19 cases; three fetuses are still in utero. There 
was one false positive. The coarctation lesion was 
found anatomically in six cases before 24 weeks’ ges- 
tation; this refutes the theories that this lesion devel- 
ops postnatally in association with ductal closure. 
Aortic blood flow was diminished in 15 cases studied 
by Doppler. There was, however, a similar reduction 
in aortic blood flow in the cases of ventricular dis- 
proportion related to diaphragmatic hernia This 
suggests that aortic blood flow per se does not cause 
the coarctation lesion but occurs as a result of it. 


Successful management of refractory 
supraventricular tachycardia in children with 
flecainide acetate 


Janice Till, D Holt, D Ward, E A Shinebourne 
Brompton Hospital and St George's Hospital, 
London 


"Thirteen children aged 0-2 to 15 7 (median 7-1) years 
with supraventricular tachycardia (SVT), unre- 
sponsive to a range of antiarrhythmic agents (median 
3) were treated with flecainide acetate (FA). Six chil- 
dren had Wolff-Parkinson-White syndrome, three 
AV nodal reentrant tachycardia, one atrial flutter, 
one ectopic atrial tachycardia, and in two the mech- 
anism was not established. In 12 of the children FA 
2mg/kg was given over 5-10 minutes during tachy- 
cardia. Termination of tachycardia was achieved in 
1l. In nine of the 10 children with a reentrant 
arrhythmia termination was in the retrograde limb of 
the circuit. Side effects were encountered in two. 
Preliminary studies to evaluate the elimination half 
life after intravenous administration were performed 
in five of the children. The half life ranged from 
6 9-12 (mean 8-7) hours. This compares with half 
lives of 7-22 (mean 14) hours in adults, indicating 
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more rapid elimination in the younger age group and 
the need for eight hourly administration. In 11 of the 
13 children oral FA resulted in successful prophy- 
laxis. Control was achieved with plasma concen- 
trations of FA ranging from 128 yl to 940 ul (mean 
473 ug/l). No side effects were reported (mean follow 
up 18 months). 

FA is a safe and effective drug for both short term 
and long term management of refractory SVT in 
children. 


Doppler echocardiographic study of the 
changes in intracardiac blood flow and 
gestational age in the buman fetus 


J Kenny, T Plappert, P Doubilet, D Saltzman, 

M St John Sutton 

Brigham and Women's Hospital, Harvard Medical 
School, Boston, Massachusetts, USA 


To assess the changes with gestational age in right 
ventricular and left ventricular stroke volumes and 
intracardiac blood flow velocities in the normal 
human fetus we obtained Doppler echocardiographs 
in 80 fetuses (gestational age 19—40 weeks). Doppler 
velocity spectra of aortic, pulmonary, tricuspid, and 
mitral flow were digitised to obtain peak velocities 
and flow velocity integrals. Diameters of the aorta 
and pulmonary artery were measured at valve level 
from cross sectional echocardiographic images and 
cross sectional areas were calculated. Stroke volume 
(ml) was calculated from the product of the fiow 
velocity integral and cross sectional area. Aortic and 
pulmonary artery diameters increased linearly with 
gestational age (r — 0 84, r — 0-85); the pulmonary 
artery was consistently bigger than the aorta 
(p « 0 001). Left ventricular stroke volume and right 
ventricular stroke volume increased exponentially 
with gestational age from 0 6 ml at 20 weeks to 5:0 ml 
at 40 weeks (r = 0:93) and from 0-5 ml at 20 weeks 
to 69ml at 40 weeks (r — 0-88) respectively. In 
fetuses in which it was possible to record both pul- 
monary artery and aortic flows, right ventricular 
stroke volume was greater than left ventricular 
stroke volume in the ratio of 1:2:1 (r = 0-97) 
(p <0 001). Transmitral and tricuspid flow velocities 
were greater during atrial systole than during rapid 
filling, and flow velocity did not vary with gestational 
age. 

'This study demonstrates that right and left ven- 
tricular stroke volumes increase by over tenfold from 
20 to 40 weeks and that right ventricular stroke vol- 
ume exceeds left ventricular stroke volume by 20%. 
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Are major cardiac defects invariably 
recognised in the newborn infant? 


KA Hallidie-Smith, P Morais 
Royal Postgraduate Medical School, London 


Examination of the heart is recognised as being an 
important component of the examination of the 
newborn infant. The trend to earlier discharge dur- 
ing the period of potential functional ductus patency, 
however, could cause difficulties in assessment. We 
reviewed the records of 200 consecutive admissions 
of neonates born in the United Kingdom who were 
found to have major cardiac anomalies leading to 
urgent surgery or causing death. Sixty four (32%) 
had been sent home as having normal hearts between 
the ages of 24 hours and 10 days (mean 3:0 days). 
They were admitted 1-29 days later and urgently 
transferred within 24 hours. T'welve infants col- 
lapsed at home; most re-presented for multiple rea- 
sons of which poor feeding (41) was the most com- 
mon. On transfer 39 were in severe heart failure and 
10 were centrally cyanosed. All 64 had abnormal 
breathing patterns and abnormal second heart 
sounds; those in heart failure had a loud gallop. Only 
four had loud systolic murmurs. The most common 
missed malformations were coarctation of the aorta 
(17) and hypoplastic left heart (12). While delayed 
diagnoses were made in cyanotic infants with total 
anomalous pulmonary venous drainage (four), pul- 
monary atresia (four), and single ventricle (five), 
infants with simple transposition were referred early 
and directly. 

Itis concluded that many major cardiac defects are 
difficult to diagnose in early neonatal life, particu- 
larly during ductus patency, and that many such 
infants may pass as normal. The feeding history is 
particularly relevant and the absence of murmur 
does not preclude a potentially fatal cardiac defect. 
A greater level of awareness of this possibility by 
both hospital and home medical and nursing staff 
could lead to earlier diagnosis, which in some 
instances could enhance the infant's chances of 
survival. 


Balloon angioplasty for coarctation of the 
aorta in infants and children 


J V De Giovanni, J GC Wright, ED Silove 
Department of Cardiology, Children’s Hospital, 
Birmingham 


Balloon dilatation for arterial stenosis has been per- 
formed extensively and with success, but experience 
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in aortic coarctation-is limited. We carried out bal- - 


loon angioplasty for coarctation in 11 patients, six 
with native coarctation (group 1) and five with 
recoarctation (group 2). Six had other associated 
congenital heart defects in addition to coarctation. 
Four patients in- group 1 presented with heart fail- 
ure, one had hypertension, and in one angioplasty 
was elective. The five patients with recoarctation had 
hypertension. The age at the time of angioplasty 
ranged from 6 days to 15-5 years in group 1 and from 
7-months to 4-5 years in group 2. After angioplasty 
the mean (SD) peak systolic gradient. dropped from 
42 6 (17:5) to 14-5 (9:2) mm Hg (p « 0-01), with two 
patients showing no appreciable reduction in gra- 
dient. There were no major complications resulting 
from the technique although two patients in group 1 
died, one after surgery and the other from cerebral 
insult. The longest follow up since .dilatation. in 
group 1 is 17 months. The mean duration from 
angioplasty in group 2 is 6:4 months (range 2-12 
months) Surgical repair after angioplasty was 
required in two patients in group ! and in one patient 
in group 2. 

Balloon dilatation for native coarctation is 
effective and should be considered as an alternative 
to surgery in high risk cases. Angioplasty is the 

. method of choice for recoarctation. 


Exertional gastro-oesophageal reflux: . 

a possible mechanism for symptoms in 
patients with angina pectoris and normal 
coronary angiograms: 


P M Schofield, D H Bennett, N H Brooks, P E Jones, 
P J Whorwell, CL Bray, C Ward 

Regional Cardiac Centre, Wythenshawe Hospital, 
Manchester i 


Nineteen.men and 21 women (aged 30—65 years) 
with typical angina: pectoris and normal coronary 
angiograms underwent symptom limited exercise 
testing (Bruce protocol) during.24 hour oesophageal 
pH monitoring to determine whether exertional 
gastro-oesophageal reflux (pH « 4) occurred. Sixteen 
patients had gastro-oeosphageal reflux during exer- 
cise (group 1) and. 24 did not (group 2). On the 


treadmill all 16 patients in.group 1 experienced a 


chest pain coincident with reflux, compared with- 
only 10 in group 2 (p « 0-01). ST segment response 
was abnormal (> 1 mm depression) during exercise 
in seven (44%) group 1 patients and nine (38%) 
from group 2: The number of episodes of chest pain 
associated with gastro-oesophageal reflux during 24 
hour pH monitoring was greater for group 1 patients 
(2-6(13), mean (SD) than group 2 (0 71(1:1)), 
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p<0-01: There was no difference, however, between 
groups | and 2 in the number of episodes of pain not 
associated with gastro-oesophageal reflux (0 94 (1-0) 
and 0-88(0-9) respectively). Lower oesophageal 
sphincter pressure, measured during oesophageal 
manometry, was less ın group 1 patients (12 1 (3:8) 
mm Hg) than in group 2 patients (18 4(6 9) mm Hg) 
(p «0 01). 

In conclusion, exertional gastro-oesophageal 
reflux may account for the symptoms of some 
patients with angina pectoris and normal coronary 
angiograms. 


Continuous recording of coronary sinus 
oxygen saturation during atrial pacing in 
patients with.and without coronary artery 
disease or with syndrome X 


T Crake, P Crean, L M Shapiro, R Canepa-Anson, 
P A Poole-Wilson 

Cardiothoracic Institute and National Heart 
Hospital, London 


In the normal heart coronary blood flow increases in 
proportion to cardiac work so that sufficient oxygen 
and substrate are supplied to the myocardium and 
excess metabolites are removed. Continuous coro- 
nary sinus oxygen saturation was recorded during an 
incremental pacing test in patients undergoing car- 
diac catheterisation. In 10 patients with no evidence 
of myocardial ischaemia and normal coronary arte- 
ries an increase in heart rate increased oxygen extrac- 
tion but after 15 seconds the coronary sinus oxygen 
saturation returned to control values. In 10 patients 
with coronary artery disease and electro- 
cardiographic changes the increased extraction of 
oxygen persisted and increased with increasing heart 
rate. Six patients (four women and two men, 38—58 
years) had normal coronary arteries, chest pain, and 
positive exercise tests (syndrome X). In five of these 

> patients though ST segment depression occurred on 
atrial pacing the change in coronary sinus oxygen 
saturation was similar to that in patients without 
coronary artery disease. In one patient, who also had 
right bundle branch block, an ischaemic response 
was observed. 

Oxygen extraction in the coronary bed of man can 
be increased by up to 30% but a persistent increase 
in oxygen extraction is an indication of ischaemia 

_ and occurs in the presence of coronary artery disease. 
Syndrome X does not describe a homogenous group 
of patients but in most of them the coronary sinus 
oxygen saturation response is normal, indicating that 
reduced oxygen supply is not the cause of their 
symptoms or the electrocardiographic changes. 
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Mechanisms of ergometrine induced coronary 
artery spasm 


D Hackett, S Larkin, S Chierchia, G Davies, 

A Maseri 

Royal Postgraduate Medical School, Hammersmith 
Hospital, London 


Intravenously administered ergometrine is the most 
powerful stimulus known to provoke coronary 
spasm 1n patients with variant angina (VA) but the 
drug has a weak action on isolated human coronary 
artery rings in vitro. To investigate whether 
ergometrine acts directly on coronary arteries or via 
remote neurohumoral reflexes we administered 
small titrated increments of intracoronary 
ergometrine up to a maximum cumulative dose of 
50 ug to 15 patients. In six patients with VA (group 
1) ischaemic ECG ST changes (7 0:1 mV), angina, 
and localised coronary spasm (local coronary 
diameter reduction of 66-100 (mean 88-8)%) fol- 
lowed 1-3 minutes after 6-50 (20-7) ug cumulative 
intracoronary ergometrine. In nine patients with 
atypical chest pain, normal baseline coronary arte- 
riograms, and no evidence of VA (group 2) there was 
no ischaemic ST segment change or localised coro- 
nary spasm after 6-50(31-6)yg intracoronary 
ergometrine. The coronary diameter of proximal 
vessels of patients ın group 2 was reduced by 
3-24 (16-5)% and did not differ from the response of 
non-spastic vessels of comparable size in group 1 
(7-39 (16-6)%, p = 0-7). The differences in ED?? in 
the dose response curves of spastic and non-spastic 

. segments in groups 1 and 2 were not significant. 
Coronary spasm, ST segment changes, and pain 
were all immediately reversed after 2mg intra- 
coronary isosorbide dinitrate and there were no side 
effects. 

"Therefore, ergometrine causes spasm by a direct 
local coronary effect which seems due to a localised 
arterial hyperreactivity rather than supersensitivity. 
The intracoronary route may be safer than the intra- 
venous one because negligible drug recirculation 
may prevent perpetuation of spasm and selective 
coronary administration can avoid branches with 
critical stenoses. 


End-tidal pCO, on exercise in the diagnosis of 
non-cardiac chest pain 


J B Chambers, P S Kiff, W N Gardner, G Jackson, 
C Bass 
Cardiac Unit, King's College Hospital, London 


We have measured end-tidal pco; during 113 rou- 
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tine treadmill exercise tests for the assessment of 
chest pain. The conventional exercise test was diag- 
nostic in 15 patients and in 13(87%) of these the 
pcoz stayed consistently above 30mm Hg. Of the 
remaining 98 patients, 28(29%) had hypocapnia 
CHC) during exercise (pco; < 30 mm Hg) and by the 
fifth minute of recovery 49 (50% ) patients had devel- 
oped HC. Patients in whom HC developed had 
significantly more symptoms suggesting hyper- 
ventilation (HV) and depression, but not anxiety, 
than patients with a normal pco; response. Formal 
HV provocation testing reproduced pain in 50% 
patients who had HC during exercise and in 38% 
with HC during recovery. Despite this, chest pain 
developed in 44% of the total sample during the test 
and was not related to changes in pCO?. This suggests 
that factors other than HC may contribute to the 
reporting of chest pain. Three of five patients with 
painless ST depression of 215mm had HC. 
Although HC is a possible mechanism for ST 
depression, 42(37%) patients of the total sample 
developed ST depression of 0-5-3 0 mm that was not 
related to changes ın pCo2. 

We conclude that monitoring end-tidal pco; dur- 
ing exercise gave valuable diagnostic information in 
43% patients: it confirmed HC in 67% patients with 
symptoms suggestive of HV and was associated with 
a 45% incidence of positive HV provocation tests. 
We therefore suggest that the concurrent mea- 
surement of end-tidal pco? should become routine 
during treadmill exercise testing especially for 
assessing atypical chest pain. 


Therapeutic implications of silent myocardial 
ischaemia 


PA Crean, T Crake, AA Quyyumi, C Wright, 
L Mockus, K M Fox 
'The National Heart Hospital, London 


Patients with stable angina pectoris have frequent 
episodes of silent myocardial ischaemia during 
ambulatory ST segment monitoring. Whereas cur- 
rent medical treatment is known to reduce the num- 
ber of anginal attacks, little is known about the best 
treatment for these silent ischaemic episodes. We 
performed frequency modulated ambulatory ECG 
monitoring in 48 patients with chronic stable angina 
to assess the effect of three $ blockers with different 
properties and nifedipine on the frequency of silent 
myocardial ischaemia compared with placebo treat- 
ment. Thirty nine men and nine women (mean age 
57-8 years) completed the study. All patients had a 
positive exercise test and coronary stenosis of 
>70%. There were 341 episodes of ST segment 
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depression during 1835 hours of monitoring on no 
treatment, of which 57 (1795) were symptomatic and 
282 (8395) were silent. During antianginal treatment 
559 episodes of ST segment depression were 
observed, of which 462 (8295) were symptomatic and 
97 (1895) were silent in 3186 hours of monitoring. 
Atenolol, labetolol, and nifedipine reduced the total 
number of episodes of ST segment depression 
(symptomatic and pain free) compared with placebo 
treatment by 33%, 55%, and 2394 respectively 
(p < 0:05); no significant change was seen during pn- 
dolol therapy. The percentage of total episodes that 
were silent remained constant throughout the 
placebo and all treatment periods. 

Thus antianginal agents that reduce the number of 
episodes of angina may be expected to reduce the 
number of silent episodes of ST segment depression 
by a similar proportion. 


Psychological stress as a dynamic factor 
producing myocardial ischaemia in coronary 
artery disease 


Leisa J Freeman, P G F Nixon, P Sallabank 
Charing Cross Hospital, London 


Thirty patients with symptomatic coronary artery 
disease (CAD) were studied on two separate occa- 
sions to investigate sources of variability in episodes 
of ischaemia as documented by ambulatory ST mon- 
itoring. The first was six days after outpatient coro- 
nary arteriography when the outcome was not yet 
known and the second about two months later. 
Medication was tapered off for 72 hours before 
monitoring. Patients kept detailed diaries to record 
their activities and episodes of chest pain. We also 
asked them to document any somatic feelings of anx- 
1ety, tension, or emotional upset. Urine was collected 
during the first 24 hours of each monitoring period 
for the measurement of cortisol, noradrenaline, and 
adrenaline. 2711 hours were analysed. During this 
time there were 515 episodes of ST segment depres- 
sion, of which 174 (33 8%) were associated with pain 
and 341 (66-295) were not. There were no significant 
differences between periods of monitoring as regards 
subjective reports of angina or daily activities as 
assessed from the diaries. There were significantly 
more episodes of silent ischaemia on the first occa- 
sion than the second (p « 0:007) and this group of 
patients reported more episodes of emotional upset 
(p <0 04). Cortisol excretion was significantly higher 
on the first occasion than the second (p «0-03). A 
higher noradrenaline excretion on the first occasion 
was associated with significantly more episodes of 
silent ischaemia (p « 0-05) and longer ischaemic time 
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(p<001). During the first period of monitoring 
there was a correlation between increasing nor- 
adrenaline excretion and total ischaemic time 
(r = 0 4; p<0-04). Psychological stress on the first 
occasion may be an important variable factor 
producing ischaemia. 


Percutaneous aortic valvuloplasty for aortic 
stenosis 


G Jackson, M Monaghan, S Thomas, D Jewitt 
Cardiac Department, King’s College Hospital, 
London 


Symptomatic aortic stenosis may reduce the quality 
of life for older people who are poor candidates for 
surgical treatment. We attempted percutaneous val- 
vuloplasty from the femoral artery ın fifteen patients. 
All were severely disabled by heart failure (New 
York Heart Association IV) or angina. Olbert bal- 
loon catheters were advanced to the aortic valve. 
They were stabilised by a guidewire in the left ven- 
tricle. Balloons measuring 6, 8, 10, 12, and 14mm 
were used. Initial gradients across the valve varied 
from 80 to 140mm Hg. The balloon was inflated 
under echocardiographic guidance to the cusp posi- 
tion. In 14 patients a satisfactory symptomatic and 
haemodynamic result was achieved. Gradients fell 
by up to 50% and Doppler studies at 3 month follow 
up showed that this fall was maintained. Patents 
immediately noticed a reduction 1n breathlessness, 
especially at night. One patient died four hours after 
the procedure, which was done as an emergency pro- 
cedure when the patient was moribund (gradient 
140mm Hg). One patient had a drop in systemic 
pressure after inflaton of a 14 mm balloon but recov- 
ered quickly. No significant increase in aortic incom- 
petence was noted. 

Percutaneous valvuloplasty for 1noperable severe 
aortic stenosis 1s highly effective in relieving symp- 
toms and provides a new treatment for inoperable 
elderly patients. 


Balloon aortic valvuloplasty for severe calcific 
aortic stenosis: effective but not without 
hazard 


IR Starkey, D C Cumberland, GD G Oakley 
Cardiology Department, Northern General 
Hospital, Sheffield 


Four patients aged 56—79 years with severe calcific 
aortic stenosis were treated with percutaneous bal- 
loon aortic valvuloplasty after they had been consid- 
ered to be unsuitable for surgery for various reasons. 
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Three different designs of balloon catheter were 
used. One patient, who was in severe intractable pul- 
monary oedema, died during the procedure; nec- 
ropsy showed that the valve had been satisfactorily 
split. The other three patients’ symptoms improved 
after the procedure, which also led to an 
improvement in measured haemodynamic variables, 
notably the transvalvar gradient (which fell from 
70-124 mm Hg to 30-50 mm Hg) and the calculated 
valve area. In one patient the systolic aortic pressure 
fell to 70mm Hg during balloon inflation without 
symptoms. In another the systolic aortic pressure fell 
to the same level as the systolic pulmonary arterial 
pressure within 10 seconds of balloon inflation; this 
was associated with severe dizziness. This was not 
prevented by use of the Trefoil balloon whose geom- 
etry it is claimed should help to avoid this hazard. 
One patient developed syncope during each 
inflation; in this case deflation of the balloon through 
the 8F catheter was prolonged and systolic aortic 
pressure became temporarily unrecordable. One 
patient suffered a small stroke 16 days after the 
procedure. 

Although balloon aortic valvuloplasty should be 
considered as a possible form of treatment for 
patients with calcific aortic stenosis who are thought 
to be too elderly or unfit for conventional surgical 
treatment, careful documentation is required to 
determine the true incidence of side effects and 
complications. 


How does aortic balloon valvoplasty work? 


D J M Reynolds, D L Stone, F C Wells, M C Petch 
Regional Cardiac Unit, Papworth Hospital, 
Papworth Everard, Cambridgeshire 


Four patients (2 male, 2 female, age 53—68, mean 61) 
with calcific aortic stenosis underwent balloon 
valvoplasty intra-operatively under dırect vision 
immediately before valve replacement. A 9F 12 mm 
diameter balloon was placed across the valve and 
inflations were performed for 10-15 seconds at eight 
atmospheres, eight atmospheres, and 12 atmo- 
spheres. Video recordings and photographs were 
taken before and after each inflation. After excision 
the valves were x rayed and examined histologically. 
In each case satisfactory dilatation was obtained. 
The valve leaflets did not split nor was there any 
evidence of fracturing of calcium which might have 
led to embolisation. In two instances complete 
obstruction of the stenosed valve orifice occurred 
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during dilatation. Dilatation was achieved by 
stretching of the remaining non-calcified portions of 
the valve. 

Aortic balloon valvoplasty is an effective means of 
valve dilatation and fears of embolisation-and valve 
tearing were not supported. Dilatation time should 
be kept to a minimum to avoid prolonged obstruc- 
tion to cardiac output. 


Intermediate term results of percutaneous 
balloon pulmonary valvoplasty 


J AEttedgui, EJ Baker, O DH Jones, J Reidy, 
M] Tynan 
Guy's Hospital, London 


Twenty five patients (age range 6 days-17 years) 
with valvar pulmonary stenosis treated with per- 
cutaneous balloon pulmonary valvoplasty (PBPV) 
have been assessed by cardiac catheterisation a mean 
of 10-3 months (range 2 weeks—37 months) after 
PBPV. At this stage the right ventricular (RV) pres- 
sure (56 (17) vs 80 (18) mm Hg, transvalvar gradient 
(32 (16) vs 59 (19) mm Hg, and RV:systemic pressure 
ratio (0:54 (0-26) vs 0-79(0-21)) for the group as a 
whole were significantly lower than .before PBPV 
(p «0-001 for each variable). Seven patients, in five 
of whom the immediate result was considered to be 
good, had unsatisfactory results at follow up. Three 
have had repeat PBPV; two of them had good results 
on subsequent restudy; the third has not yet been 
restudied. Initial failure in these three cases has been 
attributed to the use of too small a valvoplasty bal- 
loon, the diameter being equal to or less than that of 
the pulmonary valve ring. Four patients have been 
referred for surgery: three of these had severely dys- 
plastic valves and one had additional fixed subvalvar 
pulmonary stenosis. À further three patients had 
moderately raised RV pressures with a RV:systemic 
pressure ratio just over 0-5 at follow up, but less than 
before PBPV. Excluding the patients who were sub- 
sequently referred for surgery, PBPV had inter- 
mediate term success in 71%. This increased to 88% 
when a valvoplasty balloon with a diameter up to 
20% larger than that of the pulmonary valve ring was 
used. 

We conclude that PBPV is effective for the treat- 
ment of valvar pulmonary stenosis. The main causes 
of failure are (a) severely dysplastic valves, (5) fixed 
subvalvar pulmonary stenosis, and (c) valvoplasty 
balloons that are not large enough. Careful selection 
of patients and valvoplasty balloons will give the best 
results. 
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Long term follow up in biopsy proven 
myocarditis: progression to dilated 
cardiomyopathy 


PJ Quigley, P J Richardson, B T Meany, 

EGJ Olsen, M Monaghan, G Jackson, D E Jewitt 
Cardiac Department, King's College Hospital, 
London, and National Heart Hospital, London 


Acute myocarditis has been implicated in the 
aetiology of dilated cardiomyopathy. To investigate 
the natural history of acute myocarditis and 
progression to dilated cardiomyopathy 23 patients 
with biopsy proven acute myocarditis were serially 
followed at 2, 6, and 12-24 monthly intervals by 
clinical, echocardiographic, haemodynamic, and his- 
tological evaluation. Assessment of left ventricular 
function by radionuclide ventriculography was per- 
formed at late (4-5 years) follow up and patients with 
impaired left ventricular function were restudied by 
catheter biopsy. The ejection fraction (EF) was 
severely impaired in 81% of patients at diagnosis 
(31(4%), mean (SEM)). After six months two 
groups were evident: in group 1 left ventricular func- 
tion was normal (EF (62(2)%, n = 9) and in group 
2 ıt was impaired (EF 29 (5)%,n = 8), p<0-001). At 
late (4-5 years) follow up seven of the nine group 1 
patients, all of whom remained clinically normal, had 
abnormal EF response to exercise (rest 68(3)%; 
exercise 62(3)%). Seven of the eight group 2 
patients-had persistent impairment of left ventricular 
function. Altogether, characteristic features of 
dilated cardiomyopathy developed in 12 (5294) 
patients; four of them died. In nine histological 
findings were consistent with the clinical diagnosis 
and three were diagnosed by non-invasive assess- 
ment alone. 

Assessment of left ventricular function at six 
months in patients after acute myocarditis predicts 
outcome. Late follow up has shown progression to 
dilated cardiomyopathy in 50% and most have 
persistent impairment of cardiac reserve. 


Viral myocarditis in children 


J Ettedgui, EJ Baker, SE M Clarke, O DH Jones, 
MN Maisey, S Qureshi, MJ Tynan 
Guy’s Hospital, London 


Ten children aged 447 months (mean 22 months) 
with the clinical diagnosis of viral myocardius had 
serial nuclear angiographic assessment of left ven- 
tricular (LV) ejection fraction (EF), right ventricular 
(RV) EF, and phase analysis (PA) for detection of 
dyskinesis. All had RV endomyocardial biopsy 
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(EMB) because of persisting symptoms. Initial 
EMBs were performed 1-10 months (mean 4 
months) after the onset of the illness. At presentation 
LVEF was 21(6)%, RVEF 54(17)%, and PA 
showed dyskinesis in nine. EMB showed chronic 
active inflammatory changes in three patients, 
inflammation with fibrosis in five, and no abnormal- 
ity in two. All three patients with chronic active 
inflammatory changes alone were treated with pred- 
nisolone and azathioprine for 6-12 months. Two 
showed complete clinical and histological recovery, 
their LVEF returned to normal and the dyskinesis 
disappeared. Interstitial fibrosis was seen in the one 
who died, and there was a persistent low LVEF with 
progressive deterioration of RVEF. Of the five with 
inflammation and fibrosis, one was treated as above 
for one month without improvement; he sub- 
sequently died. One treated with prednisolone alone 
for six months showed no improvement. One of the 
remaining three untreated patients died. In none of 
the patients in this group has the LVEF returned to 
normal or the dyskinesis disappeared. Of the two 
with normal histological results, one died and one 
has persisting low LVEF, RVEF, and dyskinesis. 

These results show that the prognosis of children 
with symptomatic viral myocarditis is poor. Cardiac 
performance rarely returns to normal and in this 
series 40% died. We suggest that in these patients 
EMB should be performed early. In those with 
chronic active inflammatory changes, immuno- 
suppression controlled by serial EMB may prove 
beneficial. This approach requires further 
investigation. 


The acute effects of ethanol on myocardial 
metabolism in patients with alcohol induced 
heart muscle disease 


BT Meany, P J Richardson, Lynne Atkinson, 
G Bergman, S Kerkez, D E Jewitt 

Cardiac Department, King's College Hospital, 
London 


The acute effects of ethanol on myocardial metabo- 
lism were investigated in six patients with confirmed 
alcoholic heart muscle disease. Coronary sinus and 
femoral artery concentrations of substrate were 
determined 15, 30, 45, and 60 min after an oral dose 
of 60z alcohol. Arterial concentrations of ethanol 
rose to 0 78 (0-05) mg/ml (mean (SEM) at 30 min and 
declined slightly to 0-51(0-05) mg/ml at 60min. 
Arterial and venous concentrations of lactate rose 
from 1:04 (0-13) to 2:09 (0-19) mmol/l (p « 0-001) and 
from 0.77(0.15) to 1:5(0:26) mmol/l (p«0 005) 
respectively, reflecting lactate release from the liver. 
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Arterial and venous concentrations of pyruvate fell 
from 62 1(10 5) to 40-8(6-4) umol/1 (p « 0-05) and 
from 38 5(6:9) to 35:3(6 0) umol/1 respectively. 
Thus the arteriovenous difference and extraction 
ratio for lactate were unchanged, but for pyruvate 
they fell from 23:5 (5-3) to 5-3 (3 8) umol/l (p < 0-005) 
and from 35-9(69) to 11:3 (133)% (p«0:05) 
respectively. The coronary sinus lactate:pyruvate 
ratio rose from 0-022(0-003) to 0-051(0 009) 
(p < 0-02), reflecting an increase in myocardial redox 
potential. Glucose and oxygen concentrations were 
unchanged. Although arterial concentrations of nor- 
adrenaline were unchanged, coronary sinus concen- 
trations rose from 737(146) to 1001 (225) pg/ml 
(p « 0:02). 

"These results suggest that the effects of ethanol on 
myocardial metabolism in patients with alcoholic 
heart muscle disease may be mediated by ethanol 
induced changes in hepatic metabolism, resulting in 
increased myocardial redox potential. 


Evidence of left ventricular relaxation 
abnormality in patients with acromegaly 


EA Rodrigues, M P Caruana, A Lahiri, 

J D N Nabarro, H S Jacobs, E B Raftery 
Northwick Park Hospital and the Middlesex 
Hospital, London 


It has long been thought tbat there is a specific 
cardiomyopathy in acromegaly. To investigate this 
possibility 27 patients with a history of acromegaly 
were studied by treadmill exercise tests (GXT) and 
radionuclide angiography. Of these, eight (30%) 
showed evidence of ischaemic heart disease (positive 
GXT or wall motion abnormality or both) or hyper- 
tension and were excluded from further analysis. In 
the remaining 19 patients the results of radionuclide 
angiography were compared with those obtained 
from 30 normal volunteers. The mean (SD) normal 
resting values were: ejection fraction (EF) 62 (6)%, 
ejection rate (ER) 19(0 4) EDV/s, ejection time 
(ET) 340(40) ms, peak filling rate (PFR) 3-1 (0-4) 
EDV/s, early filling rate (EFR) 1 5 (0-4) EDV/s, time 
to peak filling rate (TPFR) 168 (50) ms, filling frac- 
tion (FF) 0 5 (0-02). In the patients the values were: 
EF 58(109$ (p = NS) ER 20(0:6), EDV/s 
(p 2 NS), ET 330 (62) ms (p = NS), PFR 2:2 (0-65) 
EDV/s (p < 0:01), EFR 1-1 (0:5) EDV/s (p < 0-01), 
TPFR 194 (70) ms (p = NS), FF 0:36 (0:2) (p < 
0 01). During exercise there was no difference in EF 
between normal subjects and patients but exercise 
FF was lower in the patients (p <0 05). 

This study demonstrates that left ventricular sys- 
tolic function is normal in acromegaly but left ven- 
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tricular diastolic function is significantly impaired 
even in patients with no overt cardiac symptoms. 
This reduced left ventricular compliance may be 
related to the interstitial fibrosis and mononuclear 
infiltrate previously demonstrated in patients with 
acromegaly: hence left ventricular diastolic indices 
may be an early and sensitive indicator of cardiac 
involvement ın acromegaly. 


Analysis of left ventricular segmental wall 
motion versus coronary patency after 
thrombolytic treatment 


S G Richardson, Patricia Morton, J G Murtagh, 
ME Scott, D BO'Keeffe 
Cardiac Unit, Belfast City Hospital, Belfast 


'Two hundred and five patients with severe cardiac 
infarction were treated with 1:5 megaunits intra- 
venous streptokinase at a mean time of 173 min 
(5—495) after onset of symptoms. All patients had 
coronary arteriography and left ventriculography 
(30? nght antenor oblique view) 4—10 days after 
treatment. The infarct related artery was patent at 
study in 159(77 695). There was no significant 
difference in age, sex, site of infarct, or duration of 
symptoms between those patients with open and 
those with closed infarct related arteries. Left ven- 
triculograms were analysed to measure ejection frac- 
tion (LVEF) and divided into 48 equal radial seg- 
ments; radisl systolic shortening <26% was defined 
as hypokinesis and < 11% as akinesis. Indices repre- 
senting hypokinesis and akinesis were derived. 
LVEF in the open artery group (46:5 (2-1) (mean 
(2SE)) was slighly better than in the closed artery 
group (42-6(3.0) (p<0-1). Hypokinesis was 
significantly greater in the closed artery group 
(462 8(5403) than in the open artery group 
(388-0 (31-63) (p <0 05). Akinesis was markedly less 
in the open artery group (101-2(16 1)) than in the 
closed artery group (161-1(38-4)) (p<0 01). We 
were unable to identify any important difference in 
hyperkinesis between the two groups. 

Infarctior leads to segmental myocardial dys- 
function, and indices of global left ventricular func- 
tion give only a crude measure of this. Hypokinesis 
may reflect partial thickness infarction, marking the 
area of myocardium subtended by the affected coro- 
nary artery. This feature was only slightly different 
in the two groups (open and closed arteries) exam- 
ined. Akinesis of the left ventricular wall represents 
full thickness necrosis and this was much more 
extensive in the patients with persistent coronary 
occlusion. Successful thrombolysis, where the 
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infarct related artery remained open, was associated 
with substantially less severe regional left ventricular 
wall abnormality, particularly less extensive 
akinesis, suggesting significant myocardial salvage. 


Do infarct related coronary stenoses become 
remodelled after successful thrombolysis? 


D Hackett, Phoebe Gavrielides, S Larkin, 

S Chierchia, G Davies, A Maseri 

Royal Postgraduate Medical School, Hammersmith 
Hospital, London 


Severe coronary stenoses usually persist after throm- 
bolysis in acute myocardial infarction (AMI) but 
whether there are any subsequent early changes in 
their severity is unknown. Twenty patients with 
AMI who had successful thrombolysis were studied 
by coronary arteriography immediately after throm- 
bolysis (20 cases), at 24 hours (17 cases), and at three 
months (13 cases). Coronary arteriography was also 
repeated after 2 mg of intracoronary isosorbide dını- 
trate. Quantitative coronary arteriograms in stan- 
dardised end diastolic views were obtained from a 
computerised automatic edge detection analysis sys- 
tem (CAAS; Pie Data Medical) The minimal lumi- 
nal diameter of infarct related coronary stenoses 
increased from 1 13(0-3)mm (mean (SD)) immedi- 
ately after thrombolysis to 1-34 (0 5) mm at 24 hours 
(p — 0:005 paired t test) but no further change had 
occurred by three months (to 1 38(0-3) mm, p— 0-2) 
whereas the diameter of adjacent normal prestenotic 
segments did not change with time. Intracoronary 
isosorbide dinitrate caused significant dilatation of 
the stenosis to 1 47 (0-6) mm (p=0-02) immediately 
after thrombolysis and to 1-68 (0 6) mm (p —0-003) 
at 24 hours. The difference between the nitrate 
dilated stenosis 1mmediately after thrombolysis and 
at 24 hours was less significant (p =0 08). 

Residual coronary stenoses after successful 
thrombolysis for AMI are usually but not always 
severe and they improve within 24 hours but do not 
change further at three months. The differences ın 
severity of infarct related coronary stenoses within 
24 hours of AMI are less after smooth muscle relax- 
ation, which suggests that both a reduction in coro- 
nary vasoconstrictor tone and stenosis remodelling 
are responsible for the changes. 


Thrombolytic treatment in acute myocardial 
infarction in the elderly 


FA Johnston, F G Dunn, KJ Hogg, RS Hornung, 
W S Hillis 
Departments of Geriatric Medicine, Materia 
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Medica, and Cardiac Department, Stobhill General 
Hospital, Glasgow 


Thrombolytic treatment has an increasing role in the 
treatment of acute myocardial infarction to promote 
coronary artery reperfusion, to decrease infarct size, 
and preserve left ventricular function. In general, the 
elderly have been excluded from previous studies. 
Fifty seven patients (35 men, 22 women, aged 65-80 
years, mean 70 years) with cardiac pain lasting 
7 30 min and confirmatory ECG evidence of acute 
myocardial infarction received thrombolytic treat- 
ment within eight hours of onset of symptoms with 
either streptokinase or acylated plasminogen strep- 
tokinase complex (APSAC) by the intracoronary or 
intravenous routes. Coronary artery reperfusion was 
confirmed by early coronary arteriography. 89°, had 
either double or triple vessel disease. The overall 
reperfusion rate was 75°, (similar to that ın young 
age groups) with similar success for each major ves- 
sel: left anterior descending 75°,, right coronary 
artery 81%, circumflex 80°,. Clinical events sug- 
gesting early reocclusion occurred in 239,. Early 
coronary arteriography was accompanied by local 
bleeding, which required transfusion in two patients, 
and a cerebrovascular accident in one patient. Minor 
bleeding occurred ın six other patients. In those in 
whom reperfusion was obtained the mortality at one 
month was 6:6% and in those in whom it was not or 
who had early reocclusion it was 38°,; at one year it 
was 10°, and 46°, respectively. 

Thrombolytic treatment is effective and safe in 
promoting reperfusion in the elderly and appears to 
have beneficial effects on early mortality. Applica- 
tion of non-invasive markers of reperfusion seems to 
be appropriate 1n this age group. 


Thrombolysis in Coronary Occlusion (TICO) 
trial: how many patients with myocardial 
infarction might benefit from early (<2-5h) 
thrombolysis? 


GIC Nelson, MO’Rourke, J Raftos, R Norris 
Australia New Zealand TICO Working Group, 
Sydney, Australia 


'The narrow time window for thrombolysis to be 
maximally effective in myocardial infarction (MI) 
has been thought to be the major problem with this 
treatment. We reviewed the reasons for exclusion of 
patients from randomisation during the first twelve 
weeks of the Thrombolysis in Coronary Occlusion 
(TICO) study in which the effect of treatment with 
recombinant tissue type plasminogen activator (rt- 
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PA) on left ventricular function was compared with 
that of placebo in a double blind trial. This trial is 
being conducted in central Sydney (population 
about 720 000) in patients aged 72 years presenting 
within 2:5h of onset of symptoms of first MI 
unrelieved by nitrates and without contraindications 
to thrombolytic treatment. Of 132 patients with 
confirmed MI, 31 (23%) fulfilled all the eligibility 
criteria and 27 (2095) were entered. Forty (30%) of 
132 were excluded because of delayed presentation 
alone. Other primary exclusion criteria were age 
(19 (1495)), previous MI (17 (13%)), non-diagnostic 
electrocardiograms (22 (1795)), and history of gas- 
trointestinal bleeding or dyspepsia (2(2%)). An 
additional patient who had had glyceryl trinitrate for 
pain relief was also excluded. Most of these criteria 
would not preclude thrombolysis in a non-trial set- 
ting even in a district hospital. 

We estimate that in an informed community with 
alert emergency room and ambulance paramedical 
staff, early ( « 2:5 h) intravenous thrombolytic treat- 
ment might be applicable to at least 45% of patients 
with myocardial infarction, assuming that the aver- 
age time to presentation could be reduced by only 
one hour. 


Is Doppler of value in the diagnosis or 
assessment of coarctation of the aorta? 


LA Simpson, A B Houston, W B Doig, 
MPG Jamieson, J CS Pollock, EN Coleman 
Royal Hospital for Sick Children, Glasgow 


Doppler studies have been performed on a con- 
secutive series of 45 infants and children (2 days-16 
years, 1:0—58 kg) with coarctation of the aorta or arch 
interruption undergoing surgery with or without 
previous catheterisation. While an increased blood 
velocity apparently from the arch was found in 19 of 
the 20 infants with coarctation this was also demon- 
strated in two of the three with arch interruption. In 
one with coarctation inflation of a balloon in the 
ductus abolished the signal, suggesting that ductal 
flow had been obtained. Thus an increased velocity 
in the arch cannot always be detected in infants with 
coarctation and when it 15 found it may be caused by 
ductal flow and thus does not distinguish coarctation 
from interruption. In older patients an increased 
velocity was found in only 19 of the 22. In the 22 in 
whom pressures were measured proximal and distal 
to the coarctation at catheterisation there was a poor 
correlation (r — 0-41) between Doppler and mea- 
sured gradients that was not due to the difference 
between peak to peak and instantaneous maximum 
pressure differences. Since the pressure drop does 


Proceedings of the British Cardiac Society 


not accurately reflect the severity of the obstruction 
there is little practical value in attempting to measure 
this with Doppler in the child presenting with 
. coarctation. 

Our obse-vations seem to refute previous sug- 
gestions that Doppler allows accurate diagnosis of 
coarctation and measurement of pressure drop 
across the obstruction. We conclude that coarctation 
of the aorta is one congenital cardiac lesion in which 
Doppler has little to add to clinical and echo- 
cardiographic assessment. 


Flail or torn cusps of tissue valve prostheses 
diagnosed by Doppler ultrasound 


J B Chambers, MJ Monaghan, G Jackson, 
D E Jewitt 
Cardiac Unit, King’s College Hospital, London 


We have noted a characteristic abnormality of the 
Doppler signal associated with a tear in one cusp of 
failing non-stenotic tissue valves. Five patients, four 
with mitral protheses (2 Hancock, 1 Carpentier- 
Edwards, and 1 CT1 bovine pericardial) and one 
with a homograft aortic prosthesis were studied a 
mean of eight years after operation. All had loud high 
pitched regurgitant murmurs. In four cases 
increased motion of one cusp was seen on the cross 
sectional echocardiogram. The Doppler audiosignal 
in all cases was harsh and musical. The regurgitant 
flow pattern was bidirectional and striated. There 
were 4-6 striations in the mitral and 18 in the aortic 
regurgitant jets per 100 cm/s length of signal. The 
mean peak inflow velocity for the four mitral pros- 
theses was 2:0 m/s and the mean pressure half time 
was 60 ms. Pulsed Doppler localised the jet to the 
valve in all cases. Angiography was performed in 
four cases and failed to localise the jet in one. At 
operation two cases had partial disintegration of one 
cusp and in one case each there was one cusp torn for 
about 0:5 cm from its commissure, a perforation of 
one cusp, and one cusp torn from both commissures. 
'There was no evidence of dehiscence of the sewing 
rings and in every case the other cusps were mobile 
and intact. 

We conclude that striation of the Doppler signal 
from the regurgitant jet in a failing tissue prosthesis 
is likely to be a useful sign of a torn or flail cusp. 


Magnetic resonance velocity mapping: clinical 
application of a new technique 


SR Underwood, D'N Firmin, RH Klipstein, 

R SO Rees, D B Longmore 

Magnetic Resonance Unit, National Heart and 
Chest Hospitals, London 
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Magnetic resonance velocity mapping. is a new 
technique providing a display of velocity within the 
cardiovascular system at any point of the cycle. 
Velocity is encoded either in the image plane or per- 
pendicularly to it, and the temporal resolution is 
typically 50 ms. Colour coding of the display and 
superimposition on a conventional image allows a 
combined assessment of both anatomy and flow. The 
technique has not previously been used clinically and 
we report the findings in six patients, illustrating 
some of the areas in which it may be of value. In a 
patient with coronary artery bypass grafts high 
velocities were seen in one graft with good run off 
(326 m/s peak) and low velocities (74 mm/s peak) in 
a graft with poor run off. Velocity was high in an iliac 
vein partially occluded by thrombosis (213 mm/s 
peak) and low distal to an aortic coarctation 
(103 mm/s peak), confirming the 
importance of the lesions. Flow was seen through an 
atrial and a ventricular septal defect and through a 
Gerbodie defect. Turbulent flow distal to the ven- 
tricular defects led to some loss of quantitative infor- 
mation, but'it was still possible to estimate the rela- 
tive sizes of the shunts. In a patient. with left 


isomerism it was difficult to distinguish the 


descending aorta from the azygos vein by con- 
ventional imaging, but velocity mapping provided 
the distinction and clarified the anatomy. 

Magnetic resonance velocity mapping promises to 
provide useful information in a wide range of disor- 
ders of the cardiovascular system and may avoid the 
need for invasive investigation in some cases. 


The practical application of Doppler to 
patients with a ventricular septal defect 


A B Houston, I A Simpson, WB Doig, - 
MP GJamieson, J CS Pollock, EN Coleman 
Royal Hospital for Sick Children, Glasgow 


The recording of flow and measurement of the 
pressure differences between the ventricles has two 
important potential applications in patients with a 
ventricular septal defect (VSD). These are the deter- 
mination of the presence of pulmonary hypertension 
and the need for surgical closure in the first few years 
of life, or the confirmation of its presence and the 
need for prophylaxis against infective endocarditis in 
older patients. Doppler ultrasound has been used in 
a consecutive series of 69 patients with VSD under- 
going cardiac catheterisation. The overall correlation 
between Doppler and measured gradient was 0-92, 
with little difference’ between peak to peak and 
instantaneous maximum gradient in the 22 in whom 
simultaneous measurement of both ventricular pres- 
sures was made. A Doppler value of <30mmHg 


functional: 
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was always associated with significant right ventricu- 
lar and pulmonary hypertension (22 patients) while 
one between 30 and 50mmHg (9 patients) was 
sometimes associated with significant pulmonary 
hypertension. A value >50mm Hg was associated 
with relatively low right sided pressures (39 
patients); the VSD flow jet was recorded ın all these 
patients- including those with small defects not 
apparent on echocardiography. 

Since accurate estimate of left ventricular systolic 
pressure from arm blood pressure is often difficult 
and may be inaccurate it is suggested that simple 
measurement of ventricular pressure difference 
allows selection of those with possible pulmonary 
hypertension for further investigation. In older 
symptom free patients with a murmur and normal 
echocardiographic results, Doppler may be the most 
sensitive non-invasive means for determining the 
presence of a small VSD; further studies are 
required to ascertain whether it is better than clinical 
examination. 


Why pace the elderly? 


CEHandler, P M Holt 
Guy's Hospital, London 


Over the past five years 275 patients (151 women and 
124 men) aged between 85 and 105 (mean 89, with 27 
patients aged over 100) years have received per- 
manent endocardial pacemakers. At presentation the 
main symptoms were syncope (59%), dizzy spells 
(20%), and heart failure (9%). The ECG showed 
complete heart block (58%), tachycardia- 
bradycardia syndrome (14%), second degree heart 
block (11%), atrial fibrillation (5%), and bifascicular 
block with prolonged PR interval (0-495). Most 
patients were thought to have conduction tissue 
fibrosis; only 7% had an ischaemic aetiology. Over 
98% of the patients were paced in VVI mode. Pro- 
grammable generators were implanted 1n 58 patients 
and voltage could often be programmed to a lower 
output one month later. Most patients returned to 
full independence and did not require subsequent 
lengthy hospital admission. Percentage cumulative 
survival rates from the first to seventh years were: 
84%, 78%, 65%, 57%, 40%, 28%, 28%. Post- 
implant complications occurred in 34 patients. 
These were generator change (14), lead reposition 
(8), lead change (2), lead repair (1), and lead and 
generator change (9). 

These data emphasise the clinical and cost 
effectiveness of pacing in this age group. Implanting 
programmable generators and reprogramming to 
lower voltage outputs may prolong battery life, 
which is important in elderly patients. 
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M Papouchado, D W Pitcher 
Department of Cardiology, Bristol Royal Infirmary, 
Bristol, Avon 


Y 


'The effect of ventricular pacing on exercise per- 
formance was investigated in 18 patents (13 men, 
aged 53-90 years) with exertional dyspnoea and 
chronic complete or 2:1 heart block without syncope. 
Fight patients (6 men, aged 61—80 years) requiring 
generator replacement served as controls. No patient 
had overt cardiac failure, significant valvular heart 
disease, recent myocardial infarction, or surgically 
induced heart block. A six minute walking test was 
used to assess exercise performance before, 48 hours 
after (early), and 1-12 months after (late) pacing 
(70/min, VVI mode). No training effect was seen in 
10 patients who had two walking tests before pacing 
or in the controls. Pacing increased the mean dis- 
tance walked from 318-6(99-9)m to 399-6 (86 4)m 
(p <0-001) after 48 hours to 423 9 (89-1) m (p<0-05) 
for the late walk. Patients reported a reduction in 
breathlessness after 48 hours which was maintained 
at follow up. Thirteen patients had repeat walking 
tests 13 to 30 months after pacing; all remain less 
breathless, and the improvement in exercise capacity 
has been maintained in eight of them; walking dis- 
tance was limited in the other five by arthritis. In the 
control group generator replacement had no effect on 
exercise performance (426-6 (83-7) m to 429 (72-9) m 
at 48 hours, to 432 (67 5) m for the late walk). 

We conclude that ventricular pacing improves 
exercise capacity and reduces symptoms in patients 
with chronic heart block and breathlessness without 
overt cardiac failure; this improvernent is apparent 
within 48 hours of pacing and is maintained for up 
to 30 months. 


The comparative safety and success of the 
endocardial ablation technique applied to His 
bundles, accessory pathways, and ventricular 
tachycardia 


P Holt, E Boyd 
Departments of Clinical Physics and Bioengineering 
and Cardiology, Guy's Hospital, London 


The use of the high energy ablation technique has 
rapidly expanded into all forms of management of 
atrial arrhythmias. The generation of large pressure 
waves renders its use in certain sites potentially haz- 
ardous. We report our experience of His bundle 
(HB), accessory pathway (AP), and ventricular 
tachycardia (VT) ablation. Forty three patients (24 
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male, 19 female) aged 22-71 years were referred for 
His bundle ablation in three years; 37 had atrial 
fibrillation (AF), three had dual AV nodal pathways 
(DAVN), and three had concealed AP. Ablation was 
performed by applying unipolar cathodal shock via 
one of three different electrodes. Energies ranged 
from 5 to 250] (maximum 3 shocks/procedure). 
Thirty patients required one and 10 required two 
procedures: only three required three attempts. Per- 
sistent complete heart block was produced in 
40 (93%) and a further two are symptom free; overall 
success is 97-69 with no complications. Six patients 
with APs have been treated; these are three men and 
three women (aged 36—52 years) three with right and 
three with left sided AP. Ablation was performed 
from the right atrium using 20-60] in the latter 
group. Conduction was abolished in two and 
decreased in one with right AP; one patient devel- 
oped a pericardial effusion. Conduction was 
decreased but not abolished in only one patient with 
left sided AP. There were no complications. 

Ablation for VT has been attempted in two 
patients with right ventricular foci without compli- 
cation. Ablation of VT was successful in one (Helifix 
electrode with 1 x 50J shock). Thus ablation of the 
His bundle is an easy and safe procedure. Ablation of 
AP and VT foci is possible but it requires careful 
patient selection and is less successful because only 
low energies can safely be used. 


Termination of ventricular tachycardia by a 
long duration, low energy, constant current 
pulse 


HM McAlpine, J Christie, D Cunningham, 
AP Rae, J A Kennedy 
Western Infirmary, Glasgow 


Successful termination of atrial flutter by a long 
duration, low energy constant current pulse (Atrio- 
version) has been reported. This technique has now 
been applied to both spontaneous and induced sus- 
tained ventricular tachycardia (VT) by use of a 
bipolar endocardial catheter in the right ventricle. 
Single pulses of fixed duration (longer than the VT 
cycle length) were delivered in-late diastole with 
progressively increasing energy levels until termi- 
nation or modification of the tachycardia occurred. 
Sinus rhythm was regained in seven out of 10 epi- 
sodes of ventricular tachycardia in five consecutive 
patients studied to date. The cycle length of the 
successfully terminated tachycardia was 396 (48) ms 
(mean (SD)), and the duration of the final pulses 
delivered was 431(67)ms with an amplitude 
8-6 (4 4) mA. This current corresponds to a delivered 
energy in the order of 10 mJ. In one unsuccessful 
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attempt the tachycardia was accelerated from a cycle 
length of 320 ms to 225 ms, but no episode of ventric- 
ular fibrillation has been encountered. 

Termination of ventricular tachycardia by long 
pulses is painless and requires only low energy 
levels. This may have implications for an 
implantable system. 


Acidosis in heart muscle after acute coronary 
occlusion in man: studies during angioplasty 


T Crake, P Crean, L M Shapiro, A F Rickards, 
P A Poole-Wilson 
The Cardiothoracic Institute, London 


'The tume of onset of acidosis and its relation to the 
early decline of contractility in ischaemic myo- 
cardium is disputed. Coronary sinus pH was 
recorded continuously 1n seven patients (4 men and 
3 women, aged 43—64) undergoing angioplasty to the 
left anterior descending coronary artery (LAD). A 
catheter tip pH sensitive electrode with a response 
tume of less than 300 ms and an ouput greater than 
55mV/pH unit was placed high in the coronary 
sinus. Coronary sinus pH was recorded continuously 
during a total of 22 balloon occlusions of the LAD 
lasting between 6 and 45 s. There was no change in 
coronary sinus blood pH during occlusion of the 
LAD but on deflation of the balloon a transient (less 
than 60 s) fall of pH (washout of hydrogen ions) was 
Observed after a delay of approximately 4 s. In indi- 
vidual patients the peak fall of pH was related to the 
duration of occlusion of the LAD. The range of fall 
of pH after occlusions of between 20 and 30s was 
wide (0 01 to 0-10 pH units). The largest fall was 
0 12 pH units after an occlusion of 45 s. A rise of pH 
(alkalosis) was never seen. Coronary sinus pH did 
not change after occlusions of the LAD lasting for 
less than 12s (n — 4). 

In man acidosis occurs in the myocardium after 
short periods of ischaemia. The acidosis arises from 
metabolic changes within the myocyte. A substantial 
fall of pH occurs at the same time as the previously 
reported loss of potassium and concurrent with the 
earliest detectable changes of contractile function. 


A comparison of intravenous adenosine and 
atrial pacing in the assessment of coronary 
perfusion reserve 


H Singh, W J Penny, AH Watt, P A Routledge, 

AH Henderson 

Departments of Cardiology and Pharmacology and 
Therapeutics, University of Wales College of 
Medicine, Cardiff 
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We have shown previously that exogenous adenosine 
18 a potent coronary vasodilator. In this study we 
compared rapid atrial pacing and the responses to 
bolus injections of adenosine as tests of coronary 
perfusion reserve. We studied nine patients (41-65 
yr, 2 men) with chest pain who had been shown at 
ateriography to have normal coronary arteries. Great 
cardiac vein flow (by thermodilution), left ventricu- 
lar (LV) end diastolic pressure (EDP), and indices of 
LV contractility (peak dP/dt and dP/dt/P) were mea- 
sured before and for 60 s after intravenous adenosine 
(3:5 and 6 mg). Heart rate changes were avoided by 
right ventricular pacing at 100 beats/min. Great car- 
diac vein flow (in the last 60 s of each pacing period) 
was measured in the same patients during an atrial 
pacing test (beginning at lOO beats/min and 
increasing by 10 beats/min every three minutes to 
150 beats/min). All data are given as mean (SD) and 
are compared by the paired ¢ test. Adenosine 3-5 mg 
and 6mg increased great cardiac vein flow by 
114(74)% from 89(22) ml/min and by 126(87)% 
from 93 (23) ml/min respectively (p «O0 001 ın each 
case). LVEDP, dP/dt, and dP/dt/P did not change. 
Atrial pacing at 150 beats/min increased great car- 
diac vein flow by 40(45)% from 81 (24) ml/min at 
100 beats/min (p « 0-05). 

Adenosine increased coronary blood flow three 
times more than the atrial pacing test did (p « 0-05), 
and thus provides a better estimate of coronary per- 
fusion reserve. 


Intraoperative recording of the left 
ventricular myocardial action potential to 
demonstrate relief of ischaemia 


T Treasure, P Taggart, P Sutton, BO’Bnen 
'The Maddlesex Hospital, London 


The advantages of internal mammary artery (IMA) 
grafts include excellent long term (10 year) patency 
and also the potential for growth, resulting in longer 
duration of symptomatic relief and improved sur- 
vival. Doubt remains about the adequacy of IMA 
flow to achieve the immediate revascularisation 
required when critical lesions are operated upon in 
patients with unstable angina. We have developed a 
hand held, pressure contact electrode to record the 
monophasic action potential (MAP) from the left 
ventricular epicardium. At completion of coronary 
grafting the MAP was recorded with grafts open and 
then during a short period of occlusion in the paced 
working heart. At the time of writing 17 patients 
have been studied. In all patients MAP recordings 
demonstrated typical ischaemic changes, that is 
reduction in diastolic potential, amplitude, and 
duration. These changes were apparent within a few 
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seconds of occluding the-grafts and the MAP was 
monitored for up to 90 s. Opening the grafts reversed 
these changes. The cases included various combina- 
tions of IMA and vein grafts. 

The method provides an instantaneous index of 
myocardial revascularisation and an index of the 
efficiency of individual grafts. 


Residual ischaemia and risk of further cardiac 
events in survivors of first Q and non-Q-wave 
infarction 


S Campbell, D E Jewitt 
Cardiac Department, King's College Hospital, 
London 


Non-Q-wave infarction may represent an unstable 
state with a high risk of future ischaemic events com- 
pared with Q wave infarction. We therefore exam- 
ined a frequency of ischaemic responses and out- 
come in 137 consecutive survivors of a first 
myocardial infarction who underwent submaximal 
treadmill exercise testing 94(26) days after 
infarction. Infarcts were designated as Q wave ın 122 
and non-Q-wave in 15 patients; the mean peak cre- 
atine kinase concentrations were 970(573) vs 
459 (278) IU/] respectively (p < 0-001). Patients were 
of similar age ın both groups (54 3 (6 7) vs 55:5 (4°7) 
years) (NS) and exercised to a similar double prod- 
uct (16 7(47) vs 161(47) x 10% beats/min x 
mm Hg) (NS). Of the Q wave patients 56 (46%) had 
ST depression >1mm compared with three (20%) 
of the non-Q-wave patients (NS). The frequency of 
angina was also similar (15% vs 13%) (NS). 33-2 (5) 
days after infarction 110 of the 137 patients under- 
went radionuclide ventriculography. The mean rest- 
ing left ventricular ejection fraction in the Q wave 
group was 50(13)% vs 58(9)% in the non-Q-wave 
group (p « 0-05). During cold pressor stress in 102 
patients, 39% of the Q wave patients and 36% of 
non-Q-wave patients had a fall in ejection fraction of 
25% (NS). Adequate follow up for a median period 
of 27 months (range 12-50) was available for 125 
(91%) patients; 23% of the Q wave group had a 
further cardiac event (death, reinfarction, coronary 
bypass surgery, unstable angina, cardiac failure) 
compared with two (15%) in the non-Q group (NS). 

Thus first non-Q-wave infarcts are less extensive 
than Q wave infarcts and survivors do not appear to 
be in an unstable state with a high risk of further 
events. 
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Observations during percutaneous 
transluminal coronary angioplasty with 
synchronised coronary sinus retroperfusion 


KJ Beatt, PJ de Feyter, PD Verdouw, 
P GHugenholtz, P W Serruys 
Thoraxcenter, Rotterdam, The Netherlands 


Coronary sinus retroperfusion (SRP) has been pro- 
posed as a method of improving myocardial per- 
fusion during (PTCA) so that coronary artery 
occlusion times may be prolonged. In three patients 
a proximal stenosis of the left anterior descending 
coronary artery (LAD stenosis) was dilated by 
PTCA, the balloon dilatations being performed with 
and without SRP. Patients were selected for the 
study if they had easily provoked angina pectoris, a 
proximal LAD lesion with a large area of potentially 
ischaemic myocardium, and normal left ventricular 
anterior wall motion. In order to assess the degree of 
myocardial ischaemia the following variables were 
monitored during coronary artery occlusion, both 
before and during SRP: time to onset of chest pain, 
surface and intracoronary ECGs, left ventricular 
pressure, and the pressure derived indices, dP/dt, 
Vmax, and time relaxation constants. In addition,. 
the first 20 min period of SRP was monitored to 
assess any haemodynamic consequence of this 
method of perfusion. Coronary occlusion times 
during PTCA varied from 45 to 174s. 

In all three patients SRP was feasible with no 
evident adverse effects. No change was seen in left 
ventricular haemodynamic function during 20 min 
of control SRP. During coronary artery occlusion 
the time to onset of chest pain and ST segment 
change as well as the ischaemia related hae- 
modynamic changes showed no improvement with 
coronary sinus retroperfusion. 


Percutaneous transluminal coronary 
angioplasty for recurrent angina pectoris 
after coronary artery surgery 


British Coronary Angioplasty Group 
Collator: A A McLeod, Cardiac Department, 
King’s College Hospital, London 


The efficacy and safety of percutaneous transluminal 
coronary angioplasty (PTCA) for new or recurrent 
stenoses in native coronary vessels and saphenous 
vein aortocoronary grafts in patients who had under- 
gone previous coronary artery bypass grafting 
(CABG) were reviewed. Ninety procedures were 
performed in 79 patients. One hundred and twelve 
vessels were attempted (47 grafts and 65 native 
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vessels) Success defined as 50% improvement in 
stenosis diameter with 1mprovement in symptoms 
was obtained after 72(80%) of the 90 procedures. 
Successfully dilated lesions were reduced from 86 (8) 
(SD)% to 30(14)% in diameter. Three patients had 
the left main coronary artery successfully dilated. 
Narrowing of the distal anastomosis was successfully 
dilated in 88% of grafts, but this was not 
significantly different from overall success rate 
Major complications were: deaths (0); myocardial 
infarction (2); and emergency CABG (1). Elective 
CABG was subsequently performed ın nine (10%) 
patients. Three of these patients died at operation. 
Overall operative mortality for repeat CABG (three 
United Kingdom units) is 6/91 (7%). This differs 
from PTCA experience (0/90; p«002). Of 55 
patients in whom accurate follow up data is known, 
those experiencing recurrent symptoms had a 
median improvement time of three months (range 
1-24, n = 12). Patents with reduced or absent 
symptoms have a median follow up of 11 months 
(range 1-69, n — 43). 

These results suggest that PTCA has an important 
palliative role in patients whose symptoms recur 
after CABG. 


Success and complication rates in patients 
with unstable angina undergoing coronary 
angioplasty 


RA Perry, A Singh, MF Shiu 
Department of Cardiovascular Medicine, 
Queen Elizabeth Hospital, Birmingham 


To examine whether coronary angioplasty in 
patients with unstable angina is associated with a 
higher complication rate, we studied 184 consecutive 
patients undergoing primary coronary angioplasty. 
Sixty four had unstable angina (group A) In these 
patients the primary success rate was 84%, which 
was no different from that in 120 patients with 
chronic stable angina (group B). Failure in group A 
was due to failure to cross in four cases, acute myo- 
cardial infarction in five with one death. Failure in 
group B was due to failure to cross in 11 and acute 
myocardial infarction in eight. In group A 45% of 
patients had had a previous myocardial infarction 
and in this subgroup the failure rate was 24% com- 
pared with 8% ın patients with no infarction; this 
excess failure rate was mainly due to an increase in 
major complications. In group B 40% of patients 
had had previous infarction and the failure rate in 
these patients was similar to those in group A (25%), 
again mainly due to an increase in the major compli- 
cations. 
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In this series the success of angioplasty in patients 
with unstable angina was similar to that in patients 
with stable symptoms. Failure in patients with 
unstable angina was more likely to be due to a major 
complication than failure to cross the lesion The 
presence of previous infarction significantly reduced 
the success rate in patients undergoing angioplasty 
whether this was for unstable or stable symptoms 


Does invasive cardiology require the 
presence of cardiac surgery? 


J Bayliss, C Shakespeare, C Lincoln, R Sutton 
Westminster Hospital, London 


The demand for invasive cardiology is increasing, 
and some departments perform procedures such as 
angiography and percutaneous transluminal angio- 
plasty (PTCA) in the absence of on-site facilities for 
cardiac surgery. In June 1985 our cardiac surgical 
unit was closed; invasive procedures are still per- 
formed, but patients requiring surgery are now 
referred to the Brompton Hospital. We have com- 
pared the workload for the years before and after the 
closure of our surgical unit, to assess 1ts impact. In 
the 12 months before closure 353 angiographic pro- 
cedures were performed (including 6 PTCA, plus 6 
transvenous His bundle ablations) without compli- 
cation. 133 (38%) patients were referred for surgery, 
93 of them required coronary artery bypass grafts 
(CABG). In the 12 months after closure, 286 angio- 
graphic procedures were performed (6 PTCA and 4 
ventricular biopsies, plus 3 His ablations) without 
complication. 146 (51%) patients were referred for 
surgery, 114 of them required CABG. The provision 
of emergency surgery was not affected by closure of 
our unit; before the closure one patient required 
emergency surgery immediately after angiography 
and the delay until cardiac bypass was 3 hours, 
whereas after closure this delay was 2:45 and 3 hours 
in two patients who had to be transferred to the 
Brompton. The delay until urgent surgery, however, 
increased from a mean of 4 days (range 1-7, n = 28) 
to 16 days (1-54, n = 33) (p «0:0001), and three 
patients died awaiting urgent surgery after closure. 
The delay until routine surgery increased from 30 
days (8-98, n = 104) to 80 days (8-203, n = 108) 
(p <0-0001). 

These results indicate that 1t is safe to perform 
invasive cardiac procedures, and in selected cases 
P'TCA also, without on-site cardiac surgical back- 
up; close cooperation with the surgical centre is 
essential. The loss of surgical facilities has caused a 
deterioration in overall cardiac service, with far 
longer delays for urgent and routine cases. 
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Incidence and time to restenosis after 
percutaneous transluminal coronary 
angioplasty 


K J Beatt, R Geuskens, J E Luijten, P G Hugenholtz,. 


P W Serruys 
Thoraxcenter, Rotterdam, The Netherlands 


Current data suggest that restenosis (RS) after per- 
cutaneous transluminal coronary angioplasty 
(PTCA) occurs within the first eight weeks. To 
assesses the true incidence and time to restenosis we 
reinvestigated three consecutive groups of 100 
patients at 30, 60, and 90 days after PTCA. The 
diameter stenosis (DS) was analysed quantitatively 
by an automated edge detection and the results were 
expressed according to six different proposed criteria 
for restenosis—four from the National Heart, Lung 
and Blood Institute (30% increase in DS, <50% to 
<70% increase in DS, increase in DS by 10%, loss 
of 50% of gain of DS after PT'CA) and two from the 
Thoraxcenter (from <50% to >50% DS, decrease 
in diameter >0 36 mm). For the group analysed at 
30 days after PTCA the incidence of RS was between 
2% and 16%, for those analysed at 60 days it was 
between 4% and 22%, and for those analysed at 90 
days it was between 2% and 47%. We conclude that 
(a) although most patients who develop restenosis 
can be identified at 60 days the number is still 
increasing at 90 days, (b) the incidence of restenosis 
varies considerably depending on the angiographic 
definition used and this should always be precisely 
documented, and (c) a method of quantitative angio- 
graphic assessment is necessary to obtain meaningful 
data. 


Applicability of percutaneous transluminal 
coronary angioplasty to patients presenting 
with unstable angina 


P Quigley, P Gishen, G Jackson, D E Jewitt 
Cardiac Department, King’s College Hospital, 
London 


Increasing evidence suggests a therapeutic role for 
urgent PTCA ın patients with unstable angina. To 
investigate the applicability of PTCA in this condi- 
tion 94 patients presenting with unstable angina in 
whom coronary arteriography was indicated were 
prospectively studied. Particular attention was paid 
to risk factor profiles, previous history of infarction 
or angina, and angina patterns on admission 
(crescendo, Test pain, transient electrocardiographic 
changes) as possible predictors of suitability for 
PTCA. Angiograms were reviewed by three 
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independent observers. Unsuitable criteria for 
PTCA included mainstem disease, diffuse disease, 
major side branch involvement, longstanding 
occlusion, difficult access, and normal or minimally 
diseased vessels. Three groups were identified: 
group 1, totally suitable with all significant stenoses 
amenable to PTCA, n = 30(32%) (eighteen had 
single vessel disease and 12 had two or more vessels 
involved); group 2, partially suitable with culprit 
lesion amenable to PTCA, n = 28(30%); group 3, 
totally unsuitable with mostly severe diffuse disease, 
n = 36(38%). Multiple logistic regression analysis 
indicated that absence of stable angina or the pres- 
ence of stable angina for <6 months were influential 
in predicting subsequent suitability. 

Patients with unstable angina who are being con- 
sidered for angiography have lesions that are fre- 
quently amenable to PTCA, particularly in the 
absence of preceding stable angina. Ideally arte- 
riography should be performed when facilities to 
proceed directly to PTCA are present. These results 
should facilitate the design of future trials of PTCA 
vs surgery or medical management in unstable 
angina. 


Can angiotensin converting enzyme inhibitors 
replace diuretics as sole treatment for mild 
heart failure? 


A Richardson, AJ I Scriven, J Parameshwar, 

J Bayliss, P A Poole-Wilson, G C Sutton 
Hillingdon Hospital, Uxbridge, Middlesex, and 
Cardiothoracic Institute, London 


Patients with chronic mild heart failure are usually 
treated with diuretics which may have adverse long 
term effects caused by inappropriate stimulation of 
the renin-angiotensin-aldosterone system. Angio- 
tensin converting enzyme (ACE) inhibition results 
in more appropriate long term neuroendocrine bal- 
ance, but is it adequate treatment alone even in mild 
heart failure? Fourteen patients with mild heart fail- 
ure (angiographic or echocardiographic left ventric- 
ular dysfunction who complained of breathlessness 
on exertion) and who had been stable for three 
months on maintenance frusemide 40 mg and ami- 
loride 5 mg (Frumil) daily were studied in a random- 
ised double blind crossover trial. In one two month 
period captopril 25 mg was given three times a day 
and in the other Frumil was given once daily. 
Clinical status, exercise tolerance, and neu- 
roendocrine data were assessed. During captopril 
treatment four patients were withdrawn because of 
increasing dyspnoea; two of them had pulmonary 
oedema. Nc withdrawals occurred during Frumil 


Proceedings of the British Cardiac Society 


treatment (p « 0-05). Six of the 14 patients had had 
pulmonary or peripheral oedema within the previous 
two years; all four withdrawals occurred in this 
group, and there were no withdrawals among 
patients without previous pulmonary oedema 
(p « 0 02). Treadmill exercise ume was unaltered by 
both treatments. There were no differences in body 
weight, lying and standing blood pressure, heart 
rate, or concentrations of plasma and urinary 
electrolytes. During captopril treatment resting nor- 
adrenaline fell from 727 to 556 pg/ml (NS), plasma 
renin activity rose from 2813 to 8466pg/ml/h 
(p<005), and aldosterone fell from 400 to 
143 pmol/l (p«0-01). There were no significant 
changes during Frumil treatment. 

Although favourable neuroendocrine changes 
occurred in patients with mild heart failure treated 
with ACE inhibitors in contrast with diuretics, ACE 
inhibitors alone were inadequate to maintain control 
of heart failure in those who had recently had pul- 
monary or peripheral oedema. 


Haemodynamic and renal effects of 
dopexamine in low output heart failure 


LB Tan, SA Smith, W A Littler, RG Murray 
Cardiology Department, East Birmingham Hospital, 
Bordesley Green East, Birmingham 


Dopexamine is a new dopaminergic agonist which 
unlike dopamine is devoid of « adrenergic vaso- 
constrictive effects even at the higher dosages. The 
haemodynamic and renal effects of dopexamine were 
studied in 10 patients with low output state 
ischaemic heart failure (New York Heart Association 
class IIIb-IV). Haemodynamic data were obtained 
by means of thermodilution Swan-Ganz catheters 
and radial arterial cannulas. Graded doses of dope- 
xamine, ranging from 0 to 6 ug/kg/min, were infused 
over consecutive 20min periods. Heart rate 
increased from 86(16) to a maximum of 100(14) 
beats/min (p « 0-01). Cardiac index increased from 
1:6(0:5) to a maximum of 2:8(1:1)l/min (p «0:01). 
Systemic vascular resistance decreased from 
1720 (431) to 1116 (426) dyn.s.cm ? (p<0:01). We 
used an analytical technique (previously presented to 
the Society) which enables us to separate inotropic 
from vasodilatory effects. Eight of the 10 patients 
showed true positive inotropic response to dope- 
xamine. Improvement in renal function was seen at 
4 ug/kg/min in five of the 10 patients, with increases 
in urine flow rate from 0-7(0-3) at control to 
2 9 (1:1) ml/min, creatinine clearance from 35 (17) to 
78 (26) ml/min, and fractional excretion of sodium 
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from 0-35(0:24) to 1-0(0-75)95. These improve- 
ments did not parallel the observed haemodynamic 
changes. Those patients who did not improve com- 
prised two who remained anuric throughout and 
three who had pre-existing irreversible renal failure. 

These data suggest that in patients with low out- 
put heart failure and renal hypoperfusion dope- 
xamine can produce beneficial systemic and renal 
vasodilatation in addition to exerting a positive 
inotropic effect. 


Captopril in congestive heart failure: the 
effects of oxygen consumption in the 
exercising leg 


AD Timmis, L MR Bojanowski, Y Najm, 
R Gosling 

Departments of Cardiology and Ultrasonic 
Angiology, Guy’s Hospital, London 


Placebo controlled studies show that captopril, 
unlike conventional vasodilators, improves exercise 
tolerance in congestive cardiac failure (CCF). The 
mechanism of this beneficial effect is unknown. We 
have examined the effects of captopril on oxygen 
consumption in the exercising leg by means of 
Doppler measurements of femoral flow and arte- 
riovenous oxygen difference. Twenty patients with 
CCF were randomised to captopril 25 mg (n = 10) 
or placebo (n = 10). Maximal supine exercise of one 
leg was performed before and one hour after treat- 
ment. Captopril increased stroke index at peak exer- 
cise from 26(8) to 34(10) ml/beat/m? and reduced 
pulmonary artery wedge pressure from 26(9) to 
16(10) mm Hg (p «0 05). Exercise time increased 
from 125(63) to 15-5(11-4) minutes (p «0:05). 
Despite the improvement in central haemodynamic 
function and exercise tolerance there was no 
significant change in peak values for femoral flow 
(1060 (564) to 942(421) ml/min) or oxygen con- 
sumption (134(81) to 111(58) ml/min) in the leg. 
Cutaneous flow in the leg, as reflected by skin tem- 
perature, was also unaffected (29 9(18) to 
29-7(1 7C). Repeat studies after 4 weeks’ treat- 
ment with captopril 25 mg three times a day showed 
sustained improvement in central haemodynamic 
function and exercise tolerance but no change in 
peak oxygen consumption 1n the leg. In patients ran- 
domised to placebo neither central haemodynamic 
function nor oxygen consumption in the exercising 
leg altered significantly. 

These data confirm that captopril improves cen- 
tral haemodynamic function in patients with CCF. 
Nevertheless, the effects of this agent on oxygen con- 
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sumption 1n the exercising leg are not significantly 
different from those of placebo. Thus the therapeutic 
benefits of captopril in CCF are not mediated by 
improved flow redistribution to exercising skeletal 
muscle. 


Comparison of oral inotropic and vasodilator 
treatment in the management of severe heart 
failure 


A J Scriven, D Lipkin, J Bayliss, G C Sutton, 

PA Poole-Wilson 

National Heart Hospital and Hillingdon Hospital, 
London 


Enoximone (MDL 17043) is a phosphodiesterase 
inhibitor with both positive inotropic and vaso- 
dilator properties. It has been shown both in the 
short term and over a longer term to improve pump 
function in patients with severe heart failure, but it 
has not been compared with vasodilatory treatment. 
Accordingly, 13 patients with severe heart failure 
(New York Heart Association class III-IV) taking 
. frusemide 280 mg daily were studied ın a random- 
ised double blind crossover trial to compare 
enoximone 150 mg three times a day with captopril 
25 mg three times a day. Clinical state, exercise hae- 
modynamic function, and maximal oxygen uptake 
(Vomax) were assessed while the patients were on 
diuretics alone (control) and one month after the 
addition of each drug. Two patients withdrew on 
captopril and one on enoximone. At rest, systemic 
and pulmonary vascular resistance fell on enoximone 
(p«0-02); these variables were unchanged on cap- 
topril and they were not reduced by either drug dur- 
ing exercise. Resting cardiac index was 1-9 1/m?/min 
and did not change with either drug treatment. The 
cardiac index on exercise was 2:7 during the control 
phase, increasing to 4-4 on captopril (p < 0:02) and to 
4-6 on enoximone (p « 0-02). Control exercise tread- 
mill time was 20 min, increasing to 25 min on cap- 
topril (p < 0-05) and 26 min on enoximone (p < 0-02). 
Control. Vo,max was 12:6 ml/kg/min; this rose to 
"15:5 ón captopril (p«0-05) and to 15-0 on 
enoximone (p «0-05). Although these mean values 
represent improvement for the group, useful func- 
tional 1mprovement occurred in only six patients, 
who had similar responses to both drugs whereas 
seven patients showed no response to either drug. 

Enoximone, like captopril, produces sustained 
improvement in exercise capacity and haemo- 
dynamic function in some patients with severe heart 
failure. i 
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An objective assessment of maximal exercise 
capacity from a submaximal exercise test in 
patients with chronic heart failure 


N P Buller, P A Poole- Wilson 
The Cardiothoracic Institute, London 


Measurement of oxygen consumption at peak exer- 
cise (VO2max) is a useful index of severity in the 
assessment of patients with chronic heart failure. 
Voamax is, however, effort dependent and a.true 
maximal value is only obtained at an uncomfortable 
level of exercise. To overcome these problems we 
have fitted the equation y — ax — bx? to the curve of 
oxygen consumption (Vo») against carbon dioxide 
production (VCO2). The relation is a straight line 
early during exercise and ''a" represents the respira- 
tory quotient. The value of “b” reflects the curva- 
ture of the relation later in exercise. Once these two 
constants are known the calculated maximal oxygen 
consumption is given by a?/4b. To validate this 
approach we have analysed Vo; and Vco; data 
obtained from three healthy volunteers and 11 
patients (11 men, 3 women, age range 29—69 years). 
All subjects underwent maximal symptom limited 
treadmill exercise testing during which values of 
Vo» and Vco2 were recorded every 10s. Calculated 
Vo2zmax ranged from 12 7 to 36:8 ml/kg/min. Mea- 
sured Vomax, expressed as a percentage of the cal- 
culated value for each subject, ranged from 85% to 
103% (958 (5-6)%, mean (SD)), showing good 
agreement between the two methods. The data were 
reanalysed using only those values obtained during 
the first 75% of the exercise test. Calculated Vo;max 
was unchanged at 99 6 (7-6)94. This contrasts with a 
measured Vo; at 75% exercise duration of 82-1 
(10 1)%. This method is truly objective and allows 
maximal exercise capacity to be predicted from sub- 
maximal exercise tests. 


Duration of endocrine and haemodynamic 
effects of enalapril and captopril in heart 
failure 


AD Flapan, T RD Shaw, S Stewart, E Davies, 
BC Williams, CR W Edwards 
Western General Hospital, Edinburgh 


The duration of effect of single oral doses of 
enalapril and captopril was studied in 32 patents 
with heart failure. Haemodynamic recordings were 
made up to 12 hours after the dose and endocrine 
changes were followed for 24 hours. Twelve patients 
received a 20 mg dose of-enalapril. Maximum reduc- 
tion in systemic vascular resistance (SVR) occurred 
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at three hours after the dose and SVR continued to 
be reduced until 12 hours after the dose. Mean 
(SEM) plasma angiotensin II concentration fell 
from 21-3 (4-8) to a nadir of 3-9 (1-6) pmol/l at three 
hours and: remained reduced at 5:1 (1:0) pmol/l (p < 
0-01) at 24 hours. Captopril 50mg (5 patients) 
caused a more rapid reduction in SVR and plasma 
angiotensin II concentration, but both had returned 
to near control values at 12 hours. Captopril 75 mg 
(5 patients) gave more prolonged haemodynamic 


and endocrine responses but these were again not' 


sustained for 12 hours. Captopril 150 mg produced a 
maximum fall in SVR of 31% at 30 minutes; at 12 
hours SVR was still reduced by 28%. Mean plasma 
angiotensin II concentration fell from 29-5 (14:05) to 
3-3 (0-77) pmol/l at 90 minutes and remained low at 
5-1 (1:4) pmol/l at 12 hours, but had risen to 17-8 
(63)pmol/lat 24 hours. . 

These data suggest that a 75 mg twice daily dose of 
captopril may be useful in long term treatment, and 
subsequent data seem to confirm this. 


Myocardial infarction without total coronary 
occlusion 


A D Timmis, B Griffin, J CP Crick, R Henderson, 
E Sowton 
Guy’s Hospital, London 


Early thrombolytic treatment is now recommended 
in acute myocardial infarction in order to recanalise 
the infarct related coronary artery (IRCA). When 
the IRCA is already patent, however, different 
therapeutic strategies may be more appropriate. We 
have reviewed data in 37 patients with acute myo- 
cardial infarction who underwent coronary angio- 
graphy 3-2 (1-2) hours after the onset of chest pain. 
The angiograms were repeated 90 minutes later. In 
eight (21%) patients the IRCA was already patent at 
the.first angiogram (group 1) and in a further nine 
patients who received thrombolytic treatment early 
recanalisation of the IRCA occurred before the sec- 
ond angiogram (group 2).-In the remainder the 
IRCA remained persistently occluded (group 3). 
Serial measurements of plasma creatine kinase (CK) 
confirmed an early peak in groups 1 and 2 compared 
with group 3 (10-3 (4-8) vs 20-7 (6:8) hours after hos- 
pital admission, p < 0-001). The peak was earliest, 
however, in group 1, occurring after only 8-0 (3-7) 
hours, 4:5 hours earlier than in group 2 (p < 0-05). 
Moreover, in group 1 resolution of ST segment 
elevation was occurring within one hour of hospital 
admission, compared with two hours in group 2 and 
six hours in group 3. 
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These data demonstrate that a significant propor- 
tion of patients with acute myocardial infarction 
have a patent IRCA at the time of hospital admis- 
sion. In these patients a very early peak in plasma 
CK and rapid resolution of ST segment changes 
occur. Identification of this important subgroup 
may permit development of specific treatment 
strategies to prevent progression to total coronary 
occlusion. 


Ventricular septal defect complicating 
myocardial infarction: is early surgery 
justified? 


M Norell, A Gershlick, R Pillai, P Magee, R Balcon 
'The London Chest Hospital, London 


In an attempt to improve outcome, early surgery has 
been advocated for ventricular septal defect (VSD) 
complicating myocardial infarction. To examine the 
justification for this approach a consecutive series of 
55 such patients were reviewed of whom 40 under- 
went surgical repair. Those presenting before 1982 
(group 1, n=18) were compared with those 
presenting after 1982 (group 2, n = 22), when a 
policy of early surgical intervention was adopted. 
The mean interval from VSD to surgery was 53 days 
in group 1 and 10 days in group 2 (p < 0-05). Pre- 
operatively, cardiogenic shock was more frequent in 
group 2 than in group 1 (45% vs 1195, p < 0 05) and 
both plasma urea and creatinine were higher (16 vs 
11 mmol/l (p < 0-05) and 198 vs 114 umol/1 (p < 
0-01) respectively). Patients in group 2 also had a 
lower systolic blood pressure (96 vs 106 mm Hg), a 
higher incidence of poor peripheral perfusion (68% 
vs 44%), and a more frequent need for intra-aortic 
balloon pump support (41% vs 22%); these 
differences did not reach statistical significance, 
however. Despite patients in group 2 being more 
haemodynamically compromised, their surgical 
mortality was not significantly different from that in 
group 1 (7 vs 3 patients). Early surgical repair of 
VSD complicating myocardial infarction is fre- 
quently undertaken in critically ill patients. The sur- 
gical risk is, however, not significantly increased and 
such patients, whose prognosis is otherwise poor, 
may be salvaged. 


Effect of nifedipine in the early phase of acute 
myocardial infarction on enzymatically 
estimated infarct size and arrhythmias 


Linda Walker, G MacKenzie, Jennifer Adgey 
Regional Medical Cardiology Centre and Queen's 
University of Belfast, Belfast 
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In a double bhnd placebo controlled trial 434 
patients with suspected myocardial infarction (MI) 
were randomised within 6 hours from the onset of 
suspected MI to treatment with nifedipine (n = 
217) placebo (n = 217). During the treatment 
period of 48 hours a 10mg capsule containing nif- 
edipine or placebo was administered sublingually 
every four hours for 24 hours and then orally every 
four hours for the next 24 hours. Acute MI was 
confirmed in 295 patients (146 had nifedipine and 
149 had placebo). 'The median time to intervention 
in patients with acute MI was 111mun for those 
receiving nifedipine and 129 min for those receiving 
placebo. Withdrawal from the study was necessary 
in 13 patients with MIin the nifedipine group and in 
12 ın the placebo group. MI size was estimated from 
the release of creatine kinase isoenzyme MB 
(CK-MB) and creatine kinase (CK) by applying 
Norris's formula to the results of blood samples 
taken every four hours for 48 hours. Total CK-MB 
released was 406:4 (27-2) IU/1 (mean (SEM)) in the 
nifedipine group and 3457 (20:5)IU/I in the 
placebo group. Total CK released was 2749-6 
(165-1)IU/1 in the nifedipine group, and 2698-4 
(145-9) IU/l in the placebo group. Arrhythmia anal- 
ysis of 24 hour tapes during the 48 hour treatment 
period showed no significant difference between the 
nifedipine and placebo groups in the incidence of 
ventricular extrasystoles, consecutive extrasystoles, 
self-terminating ventricular tachycardia, sustained 
ventricular tachycardia, or ventricular fibrillation. 
Ventricular fibrillation occurred during the 48 hour 
study in four (3-8%) patients in the nifedipine group 
and in 9 (7 5%) patients in the placebo group. In 
hospital mortality was 7 (6 695) in the nifedipine 
group and 7 (5-8%) 1n the placebo group. 
Treatment with nifedipine in the early phase of 
acute MI appears to have no effect on limitation of 
enzymatically estimated MI size, incidence of ven- 
tricular arrhythmias, or in hospital mortality. 


The spectrum of right ventricular 
dysfunction associated with inferior 
myocardial infarction 


I McGhie, Ann C Tweddel, W Martin, I Hutton 
University Department of Medical Cardiology, 
Royal Infirmary, Glasgow 


Right ventricular dysfunction after inferior myo- 
cardial infarction can have potentially serious con- 
sequences, which may be remediable with the 
appropriate therapeutic manoeuvres. The aim of 
this study was to define the spectrum of right ven- 
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tricular dysfunction occurring during the early 
stages of inferior myocardial infarction and also to 
relate this to clinical evidence of right ventricular 
dysfunction. Twenty six patients with acute inferior 
myocardial infarction were studied. Right ventricu- 
lar function was obtained by a gated xenon tech- 
nique. Right ventricular ejection fractions (RVEF) 
ranged from 7 to 54% with a mean 30 (11)%. The 
normal range for this technique, obtained from 21 
volunteers, is 35-55% (mean 43 (15)%). Thirteen 
patients (5095) had clinical features indicative of 
nght ventricular dysfunction and in these patients 
RVEF ranged from 7 to 54% (mean 26 (11)%), 
which 1s significantly less than normal. In the 
remaining patients who displayed no evidence of 
right ventricular dysfunction the RVEF ranged 
from 16 to 49% (mean 35(9)%). If the patients were 
subdivided on the basis of the RVEF, with a RVEF 
<35% being indicative of significant right ventricu- 
lar dysfunction, the clinical signs had a sensitivity of 
72% (13/18), a specificity of 87-5% (7/8), and a pre- 
dictive accuracy of 76% (20/26). 

In conclusion, these results show that inferior 
myocardial infarction results in a wide spectrum of 
right ventricular dysfunction and that the presence 
of nght ventricular dysfunction may not manifest 
itself clinically. 


Epicardial ECG as an indicator of myocardial 
ischaemia and dysfunction during coronary 
angioplasty 


I Amende, G Herrmann, R Simon, PR Lichtlen 
Medical University Hannover, Hannover, Federal 
Republic of Germany 


Monitoring of the epicardial electrocardiogram (epi- 
ECG) by connecting the end of the intracoronary 
guidewire to the V lead provides a simple method of 
detecting myocardial ischaemia during percut- 
aneous transluminal coronary angioplasty (PTCA). 
To assess the extent to which changes in the epi- 
ECG reflect ischaemia induced left ventricular (LV) 
dysfunction we simultaneously recorded the epi- 
ECG and the pulmonary wedge pressure (PWP) 
during 323 balloon inflations (BI) in 114 patients. 
Eighty one patients had stenoses of the anterior 
descending, 18 of the right, and 15 of the circumflex 
coronary artery. ST elevation or depression >1 mV 
in the epi-ECG during BI was assumed to indicate 
significant myocardial ischaemia and a rise in PWP 
25mm Hg to reflect LV dysfunction. During 163 
BI there was a change in both PWP and epi-ECG; 
during 45 BI neither changed. The PWP rose dur- 
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ing 21 BI without ischaemic signs in the epi-ECG. 
There was no change in PWP during 94 BI despite 
alterations ın the epr-ECG. Thus epi-ECG changed 
in 80% (257/323). As a reflector of a rise in PWP, 
changes in the epi-ECG had a sensitivity of 89% and 
a specificity of 32%. Increasing ST elevation in the 
epi-ECG with little change in PWP heralded acute 
closure in three patients immediately after PTCA. 
The guidewire facilitated redilatation of the vessel. 

We conclude that the epi-ECG is sensitive but 
non-specific in detecting myocardial ischaemia dur- 
ing PTCA and aids in recognition of impending 
acute occlusion immediately after PTCA. 


Management of coronary artery occlusion 
occurring at coronary angioplasty 


C] Foster, W C Brownlee, H G Love 
Department of Cardiology, Manchester Royal 
Infirmary, Manchester 


Occlusion of a coronary artery at or shortly after 
coronary angioplasty is an accepted risk of this pro- 
cedure. The correct management of this compli- 
cation is not clear, especially if the patient has left 
the catheter room. The decision is usually between 
surgery and reopening the occlusion by coronary 
angioplasty. Of 98 patients (111 arteries) undergoing 
non-urgent angioplasty total occlusion occurred in 
13 patients (14 arteries). In five this occurred after 
they had left the catheter room. One patient with 
good collateral supply to the occluded vessel had no 
evidence of infarction and had elective surgery. In 
the remaining 12 an attempt was made to cross and 
open the occlusion; this was successful in 11. In 
three of these the artery became reoccluded and the 
patients went for urgent surgery (one with two arte- 
ries occluded). Only two of these patients had evi- 
dence of infarction postoperatively. Of the eight 
patients ın whom the artery was successfully 
reopened only one had ECG or enzyme evidence of 
a small infarct. In the patient in whom the attempt to 
cross the occlusion failed there was good collateral 
circulation to the occluded vessel and no evidence of 
infarction. This patient underwent elective surgery. 
These results demonstrate that ıt is possible to 
reopen most vessels occluded at coronary angio- 
plasty and suggest that, provided that the initial 
angioplasty was not technically difficult and a good 
result was obtained, repeat angioplasty should be 
attempted. This management should significantly 
reduce the number of patients requiring urgent 
surgery. : 
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Determinants of left ventricular function one 
year after cardiac transplantation 


CJ Reid, S Qureshi, M Yacoub 
Harefield Hospital, Harefield, Middlesex 


In 107 consecutive patients the effect of certain 
patient related factors (recipient age and sex, type of 
immunosuppression, and frequency of acute rejec- 
tion) and of patient unrelated factors (donor age and 
sex and ischaemua ume) on left ventricular ejection 
fraction (LVEF) measured by radionuclide angio- 
graphy were assessed one year after cardiac trans- 
plantation. Resting LVEF in recipients aged <20 
years was 74-4 (4 51)°, (mean (SEM)) and in those 
aged 40 to 60 years it was 61-7 (1 41)°, (p < 001) 

On exercise it was 81:25 (5 9)°, and 68 7 (1:24)9, 
(p « 001) respectively. In patients receiving 
cyclosporin and azathioprine resting LVEF was 64 7 
(136)9, and in those on prednisolone and aza- 
thioprine it was 57 3 (2 81)°, (p < 0 05). On exer- 
cise LVEF was 70-16 (1 48)°, and 62 30 (3 47)9, 
(p « 005) respectively. Though there was a trend 
for lower donor age, shorter duration of 1schaemia 
time, and smaller number of acute rejection episodes 
in the first year to be associated with a higher LVEF 
both at rest and on exercise, this difference was not 
statistically significant. 

Itis concluded that radionuclide angiography is a 
useful method for assessing the influence of various 
factors on LVEF at one year after cardiac trans- 
plantation and that the type of immunosuppression 
and recipient age have the most significant effect. 


Cardiac transplantation in severely ill 
patients requiring active in hospital support 


D Mulcahy, Christine Wright, Lorna Mockus, 
M Yacoub, K M Fox 
National Heart Hospital, London 


'Thirty two patients were accepted for cardiac trans- 
plantation from a single unit at the National Heart 
Hospital between October 1984 and December 
1985. Fourteen patients were fully investigated and 
were discharged home to await a suitable donor. 
Eighteen patients were referred for urgent cardiac 
transplantation. All required active in hospital inter- 
vention in the form of intravenous infusions of car- 
diac drugs, and also intra-aortic balloon counter- 
pulsation, peritoneal dialysis, temporary cardiac 
pacing, and assisted ventilation as required in order 
to sustain life. Of these 18 severely ill patients, four 
died while awaiting a suitable donor and 14 received 
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a cardiac transplant. There were four deaths within 
24 hours of operation, and 10 patients had a success- 
ful outcome to surgery. There was one late death 10 
weeks after surgery. Nine patients are alive and well 
16-69 weeks after cardiac transplantation. Severe 
renal dysfunction was associated with a poor even- 
tual outcome in this group. Despite difficulties in 
maintaining strict selection criteria when these 
patients were considered for cardiac transplantation, 
and a shortfall in the number of suitable donor 
hearts, we feel that a successful outcome to surgery 
in over 50% of a group of patients who would other- 
wise all have died while 1n hospital justifies this form 
of treatment in these terminally ill patients. 


Exercise capacity and heart rate response to 
dynamic exercise one year after combined 
heart and lung transplantation 


N Banner, A Khaghani, Catherine O'Brien, 
A Mitchell, M Yacoub 
Harefield Hospital, Harefield, Middlesex 


Right heart lung transplantation (HLT) recipients 
who had survived one year after operation were 
exercised according to the Bruce treadmill protocol 
to study their exercise capacity, ECG, and blood 
pressure response to dynamic exercise. Eight ortho- 
topic cardiac transplant (CT) recipients matched for 
age, sex, and time after operation were studied as 
controls. All patients received cyclosporin and aza- 
thioprine immunosuppression. One CT and two 
HLT patients were taking hydralazine and one CT 
patient was on methyldopa and labetalol. Chest 
xray, cardiac catheterisation, and endomyocardial 
biopsy were used to exclude rejection and document 
any coronary artery disease. All data are given as 
means followed by standard deviation. HLT 
patients were 30 6 (11-6) years old and CT patients 
32-4 (13-1) years. Resung ECGs showed complete 
right bundle branch block ın one and partial right 
bundle branch block in two HLT patients; four CT 
patients had complete right bundle branch block. 
Resting heart rate was 102 (14) in HLT patients and 
105 (14) beats/min in CT patients (NS). The heart 
rate at maximum exercise was 144 (18) for the HLT 
group and 142 (17) beats/min for the CT group (NS) 
and exercise duration was 10 (2 1) min for the HLT 
group and 9-6 (1 7) min for the CT group (NS). All 
patients stopped because of exhaustion or leg muscle 
fatigue. Systolic blood pressure at rest was 123 
(15) mm Hg in the HLT group and 110 (16) mm Hg 
in the CT group (NS). Values at peak exercise were 
164 (25) mm Hg and 136 (21) mm Hg respectively (p 
« 0:05) One HLT patient developed T wave 
inversion and S'T depression in the inferolateral 
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leads during exercise. No other ECG changes 
occurred. The heart rate response accelerated and 
declined slowly in both groups in a. pattern that was 
compatible with autonomic denervation. Exercise 
capacity one year after HLT is good and resembles 
that after cardiac transplantation. 


Changes in Doppler and M mode 
echocardiographic indices of left ventricular 
function during acute cardiac allograft 
rejection 


HA Valantiae, P J Oldershaw, M B Fowler, 

D G Gibson, L Hatle, S A Hunt, ME Billingham, 
EB Stinson, R L Popp 

Brompton Hospital, London; and Stanford 
University California, USA 


Changes in left ventricular (LV) systolic function 
only appear late in cardiac allograft rejection and 
abnormalities in diastolic function have been sug- 
gested as sensitive markers of acute rejection. To 
evaluate this hypothesis changes in Doppler 1ndices 
of LV ejection and filling were compared with poste- 
rior wall dimensions and their rates of thickening 
and thinning during acute rejection. Serial Doppler 
and M mode studies were performed in six trans- 
plant recipients within six hours of myocardial 
biopsy on eight separate occasions 1n each patient. 
Flow velocities across the mitral and aortic valves 
were recorded by continuous wave Doppler ultra- 
sound. M mode echocardiograms of the LV cavity 
were recorded and digitised for analysis of dimen- 
sions and their rate of change during systole and 
diastole. Measurements were performed without 
knowledge of the biopsy findings, which were 
graded as normal or rejection with myocyte necrosis. 
Compared with normal results rejection with myo- 
cyte necrosis was associated with a shorter iso- 
volumic relaxation time (73-1 (12:5) vs 59-4 (4-5) ms, 
p < 0-0005), increased early mitral flow velocity 
(0 625 (0-045) vs 0-92 (0:099) m/s, p < 0-0005), and 
a shorter pressure half time (83-5 (4-7) vs 62 (3-2) ms, 
p < 0:0005). These changes were accompanied by 
an increase in posterior wall diastolic dimension 
(1 06 (0-09) vs 1:3 (0-75) cm, p < 0-05), a decrease in 
the rate of posterior wall thinning (9-7 (0-8) vs 7-7 
(0 7) em/s, p < 0-025), and normalised rate of poste- 
nor wall thinning (7-25) (0 36) vs 5:4 (0-68)s, p < 
0-05). In contrast, there were no significant changes 
in indices of LV ejection (peak aortic velocity, 
ejection time, rate of posterior wall thickening). 

These changes. confirm that abnormal diastolic 
function may be a marker for the monitoring of 
acute allograft rejection. 
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Haemodynamics and lung function one year 
after combined heart lung transplantation 


NRBanner, AKhaghani, A G Mitchell, 

R Radley-Smith, P Lockwood, M H Lloyd, 
M Yacoub 

Harefield Hospital, Harefield, Middlesex 


Eight adolescent and adult patients (mean age 30-5 
years, range 15—47) were reinvestigated one year 
after heart lung transplantation (HLT). Three had 
primary pulmonary hypertension, four had Eisen- 
menger's syndrome, and one had emphysema sec- 
ondary to a; antitrypsin deficiency. The mean donor 
age was 2435 years (range 21-35), the mean 
ischaemic time was 45 minutes (range 28-80). Car- 
diac catheterisation and full pulmonary function 
testing were performed. All data are quoted as mean 
(SD). The pulmonary artery pressures were: systolic 
20 (5); diastolic 9 (2), and mean 13 (2) mm Hg. The 
pulmonary capillary wedge pressure was 8 
(2) mm Hg. The aortic pressures were: systolic 135 
(17), diastolic 84 (13), and mean 107 (17) mm Hg. 
The left ventricular pressures were: systolic 137 
(20) mm Hg and diastolic 9 (2-4)m Hg. The mean 
cardiac output was 6-1 (1-3)1/min. The pulmonary 
vascular resistance was 0-9 (0-6) units. Angiography 
showed a left ventricular ejection fraction of 84 
(9:2)%. All eight patients had coronary mediastinal 
collaterals. None had accelerated coronary artery 
disease. Arterial oxygen tension was 12 8 (0-7) kPa 
and arterial Pco2 was 4-9 (0-5)kPa breathing air, 
forced expiratory volume in 1s was 3-35 (0-94)1 
(mean 126% of predicted), forced vital capacity 3-89 
(0-8) 1 (mean 107% of predicted), total lung capacity 
5-69 (1-251 (mean 123% of predicted), transfer fac- 
tor 25:3 (6:6)l/min/mm Hg (mean 74% of pre- 
dicted), transfer coefficient 4-88 (0:79) I/min/mm 
Hg/l (mean 84% of predicted). 

Combined heart lung transplantation with 
cyclosporin and azathioprine immunosuppression 
provides good cardiopulmonary function in sur- 
vivors one year after transplantation. 


Efferent autonomic reinnervation after 
heterotopic cardiac transplantation in 
humans 


AG Mitchell, M Yacoub 
Harefield Hospital, Harefield, Middlesex 


Reinnervation of the donor heart has not been seen 
in humans but may occur in dogs. The heart rate 
changes in donor and recipient hearts after hetero- 
topic (“‘piggy-back”’) cardiac transplantation in man 
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in response to parasympathetic and sympathetic 
stimuli have been analysed. In six patients the donor 
hearts have shown evidence of reinnervation 1-3 
years postoperatively. The resting rate was greater 
in the donor hearts (mean 88 beats/min) than the 
recipient hearts (mean 75 beats/min). All rein- 
nervated donor hearts had slower rates than when 
they were examined six months after operation but 
this change was not significantly different from 
changes in the recipient heart. All six patients 
showed an abrupt decrease of cardiac cycle length on 
standing (mean —114ms) and an increase of cycle 
length with carotid sinus massage (mean +125 ms). 
These changes were similar in magnitude and time 
course to changes in the recipient heart. Atropine 
produced an increase in heart rate in both donor 
(mean 91 rising to 110 beats/min) and in recipient 
hearts (mean 80 rising to 95 beats/min). The donor 
heart remained faster than the recipient heart in five 
cases. The rate change occurred within one minute 
of atropine infusion and was accompanied by aboli- 
tion of changes with posture and carotid sinus mas- 
sage. Glyceryl trinitrate induced hypotension pro- 
duced an abrupt increase in heart rate in the donor 
heart (mean increase 14beats/min) similar to 
changes in the recipient heart. Atropine failed to 
block this response in the single case tested. During 
exercise testing the donor hearts accelerated faster 
than in denervated controls and the decline occurred 
within 1 minute of the end of exercise. At least 75% 
of the fall of rate occurred within 3 minutes com- 
pared with 16% in controls. Rapid glyceryl tri- 
nitrate induced tachycardia is considered to be a 
sympathetic neurogenic response, whereas rate 
changes with posture or carotid sinus massage are 
mediated by the parasympathetic system. 

Contrary to previous experience reinnervation 
may develop in man after heterotopic cardiac trans- 
plantation. 


Percutaneous laser recanalisation of coronary 
arteries in man: early results 


F Crea, G Davies, W J McKenna, M Pashazadeh, 

P Kidner, K M Taylor, A Maseri 

Royal Postgraduate Medical School, Hammersmith 
Hospital, London 


Percutaneous laser irradiation of coronary arteries 
by means of bare optical fibres results 1n perforation 
because of the difficulty of controlling beam direc- 
tion in tortuous vessels. We have previously demon- 
strated in live dogs that this problem can be over- 
come by use of optical fibres fitted with a metal cap 
that prevents the forward projection of the laser 
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beam and allows a precisely targeted thermoablation 
of arteria] tissue. We have now attempted per- 
cutaneous laser recanalisation of coronary arteries in 
two patients with refractory angina pectoris and 
multivessel disease referred for coronary bypass 
grafting: both patients had a severe proximal steno- 
sis of the left anterior descending artery (LAD). To 
minimise the effect of potential complications the 
procedure was attempted at the time of surgery. 
After pericardiotomy a 9F guiding catheter was 
introduced via the femoral artery into the left coro- 
nary ostium. Through this catheter a 0-012 inch 
guidewire was advanced across the LAD stenosis. A 
15mm metal capped optical fibre coupled to an 
argon laser was then advanced along the wire to the 
stenosis. In patient 1 a 3 cm long 70% LAD stenosis 
was recanalised with a series of four laser irra- 
diations (total energy 252]) while the fibre was 
either advanced or withdrawn through the lesion. In 
patient 2 despite a series of three laser irradiations 
(total energy 192J) the fibre did not cross a 3cm 
long 90% LAD stenosis and caused coronary per- 
foration. All diseased coronary arteries, including 
the LAD, were finally grafted. 

Thus transluminal laser recanalisation of coronary 
arteries with metal capped optical fibres is feasible. 
Further studies in patients undergoing coronary 
artery bypass surgery are warranted for better 
definition of the role of this technique and to reduce 
the risks. 


Reduction of vessel wall perforation by the 
use of sapphire tipped optical fibres in laser 


angioplasty 


T J Bowker, F W Cross, S G Bown, A F Rickards 
National Heart Hospital and University College 
Hospital, London 


One approach to reducing the risk of vessel] wall per- 
foration due to intravascular laser delivery is to 
modify the distal tip of the laser fibre. We have com- 
pared a bare tipped optical fibre with an optical fibre 
fitted with a bullet shaped sapphire tip for the trans- 
luminal delivery of Nd-YAG laser energy to athero- 
matous lesions in 33 fresh human postmortem femo- 
ral arteries within an artificial blood circulation. 
With both types of fibre tip the laser delivery system 
was introduced into the vessel via a standard 9F 
introducer and the fibre was advanced under radio- 
graphic screening to the lesion. Pre-laser and post- 
laser angiograms and blood flow rates through the 
vessel were recorded. Laser energy was delivered 5 J 
at a ume until vessel recanalisation or perforation 
occurred. Angiograms were repeated after each 50J 
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was delivered. There were seven control vessels (3 
occlusions and 4 stenoses) in which mechanical 
recanalisation without laser energy was unsuc- 
cessful. Of the 14 lesions attempted with the bare 
fibre tip, laser perforation occurred in nine vessels 
(64%). Recanalisation was achieved in one of the 
seven occlusions (with 400J and a post-laser flow 
rate of 40 ml/min) and in one of the seven stenoses 
(with 250 J, but no improvement in flow rate). There 
was no vessel perforation of the 12 lesions attempted 
with the sapphire tip. Seven out of eight occlusions 
(2-15 mm in length) were recanalised with a mean 
energy of 370 J (100-1640 J) and a mean post-laser 
flow rate of 54 ml/min (32-126 ml/min). There was 
radiographic improvement in all four stenoses, but 
the mean flow rate rose from 46 to only 52 ml/min 
(12% increase). 

The use of modified laser fibre tips appears to be 
an important step towards eliminating the risk of 
vessel wall perforation in laser angioplasty. 


Experimental studies to assess feasibility of 
laser myotomy 


W J McKenna, GJ Davies, F Crea, M Pashazadeh, 
Sally Allwork, P Kidner, A Maseri 

Hammersmith Hospital and St Mary’s Hospital, 
London 


In hypertrophic cardiomyopathy surgical myotomy/ 
myectomy may improve symptoms but is associated 
with a significant perioperative mortality (> 10%). 
We have evaluated the feasibility of non-surgical 
myotomy in a canine model using an argon laser 
with energy peaks at 488 and 514mm, a 300um core 
optical fibre fitted with a 1-5 mm metal cap, and a 
conventional catheter delivery system. Nine anaes- 
thetised greyhounds (25-30kg) were catheterised 
through a carotid cutdown using an 8F sheath cath- 
eter, which was advanced under fluoroscopy toward 
the apex of the left ventricle. The fibre tip was 
attached to a 0-038 steerable guidewire; this was 
advanced within the catheter so as to be exposed 
2cm from the tip. Appropriate orientation of the 
fibre:toward the anterolateral free wall and anterior 
septum was achieved with the steerable guidewire; 
adequate contact between the tip of the fibre and the 
myocardium was monitored by cross sectional echo- 
cardiography and fluoroscopy. The laser was acti- 
vated (12 W for 30—40 s) while the catheter and opti- 
cal fibre (under fluoroscopic control) were 
withdrawn from the base of the anterior papillary 
muscle to the outflow tract. The animal was then 
killed and the heart was examined to measure the 
extent and distribution of the thermal effects of the 
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laser. Heart weights were 285—375 g (median 335 g). 
Myotomy of the anterior or posterior septum 
(25-4 0cm length, 1-2mm width, and 3—5 mm 
depth) was successful in all nine hearts; 1n seven 
there was no damage to other cardiac structures 
while in two the myotomy was begun too low and 
had damaged the posterior papillary muscle. 

Thus in an animal model of left ventricular hyper- 
trophy a myotomy similar to that achieved in early 
successful surgical experience can be performed 
safely, percutaneously by laser. Assessment jn 
patients is now warranted. 


Percutaneous transluminal coronary 
angioplasty in patients with previous 
coronary artery bypass graft surgery 


N Ineson, I C Cooper, M M Webb-Peploe 
Department of Cardiology, St Thomas’ Hospital, 
London 


Coronary artery bypass graft surgery (CABG) must 
be viewed, in the light of late graft occlusion and the 
progression of atherosclerosis in native coronary 
arteries, as a palliative treatment for angina pectoris. 
Repeat CABG carries a higher operative risk than 
initial surgery. At St Thomas’ Hospital 40 patients 
with a history of previous CABG underwent a total 
of 46 percutaneous transluminal angioplasty 
(PTCA) procedures in which dilatation of 95 lesions 
was attempted. In 20 (50%) patients all attempted 
lesions were successfully dilated. In 12 (30%) 
patients successful dilatation was achieved in some 
but not all attempted lesions. In eight (20%) 
patients no lesion was dilated. Five of the six repeat 
procedures were successful. Of the 95 lesions 
attempted 71 (75%) were successfully dilated. 
There was no difference between the rate of success- 
ful dilatation in grafted or ungrafted native vessels 
and graft stenoses. Restenosis has occurred in 16 
(40%) of the lesions restudied. Treadmill exercise 
tolerence was improved in 68% of patients assessed 
at 6 weeks after successful PTCA. In 15 (60%) of 
the 25 patients restudied at 6 months the 
New York Heart Association class had improved. 
Improvement in both exercise tolerance and symp- 
toms occurred in patients with partially as well as in 
those with totally successful procedures. Three 
patients in this series sustained myocardial 
infarction; none underwent emergency CABG and 
there were no deaths. 

We conclude that PTCA may be useful in the 
treatment of patients with recurrent angina after 
CABG. 
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Improvement in left ventricular function 
after successful coronary angioplasty in 
patients with and without previous 
myocardial infarction 


RA Perry, A Singh, S Chandler, R G Murray, 
MF Shu 

Department of Cardiovascular Medicine, 
Queen Elizabeth Hospital, Birmingham 


The potential for improvement of left ventricular 
function by coronary angioplasty may be limited in 
patients with previous myocardial infarction. We 
performed rest and exercise ??"Tc left ventricu- 
lography and ?°'T] perfusion scans on 52 patients 
before and after successful coronary angioplasty. 
Fourteen patients had had a previous myocardial 
infarction (group A) and 38 had angina only (group 
B). Before angioplasty, group A had lower resting 
and exercise ejection fraction (47-1 (15-5) and 38-6 
(10 8)%) compared with group B (56-3 (8-9) and 
51:9 (12-3)%). After angioplasty in both groups the 
exercise but not the resting ejection fraction 
improved significantly (p « 0-01), with the greatest 
improvement in group A (51 8 (12:2)%) compared 
with group B (58:8 (10-3)%). There was a significant 
(p « 0-01) improvement in exercise thallium score 
in group A (12-2 (6 5) vs 7-1 (5:3)) and group B (5:6 
(2:4) vs 1-1 (1)). The four hour perfusion score was 
also improved in group B (2:1 (1 1) vs 0-6 (0-9)). 

Patients with previous myocardial infarction have 
a lower resting and exercise ejection fraction with a 
degree of reversible ischaemia comparable to 
patients with angina only. In the presence of demon- 
strable reversible ischaemia patients with previous 
infarction show a more striking improvement in left 
ventricular function. 


Detection of myocardial ischaemia during 
coronary angioplasty: limitation of ECG 
monitoring 


M Norell, J Lyons, J Gardener, C Layton, R Balcon 
The London Chest Hospital, London 


ECG is used to monitor left ventricular (LV) 
ischaemia during coronary angioplasty and to deter- 
mine the duration of balloon inflaton. Thirty 
patients undergoing elective single vessel angio- 
plasty were studied by intravenous digital sub- 
traction ventriculography, with 12 lead ECG being 
recorded throughout the procedure. Left ventricu- 
lograms were acquired in 10 patients after 20s 
(group 1) and in 20 patients after 60s (group 2) of 
the third balloon inflation. They were also acquired 
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before and after the procedure. Compared with pre- 
angioplasty values LV ejection fraction (EF) fell 
during balloon inflation in all patients (mean 69% to 
51%, p « 0-001) while only 21 patients developed 
ST segment elevation. Twenty three patients devel- 
oped a new wall motion abnormality—all in left ven- 
tricular segments subtended by the treated artery. 
Only 16 of these, however, demonstrated coexistent 
ST segment elevation in leads that also corre- 
sponded to ischaemic segments. There were no 
differences between group 1 and group 2 in terms of 
the reduction in mean LVEF (68% to 48% vs 69% 
to 5394 respectively) or the incidence of wall motion 
abnormalities (6/10 vs 17/20 respectively). 

Balloon inflation during coronary angioplasty 
induces profound abnormalities of global and 
regional left ventricular performance, the degree of 
these is not lessened by shorter inflations, and the 
abnormalities may not be detected by ECG mon- 
itoring. 


Intravenous digital subtraction aortography 


in acute aortic dissection 


J Lyons, A Gershlick, M Norell, C Layton 
The London Chest Hospital, London 


Conventional investigation of aortic dissection 
involves direct cineaortography or computed 
tomography where available. We have evaluated 
intravenous digital subtraction aortography in 11 
patients presenting with suspected acute aortic dis- 
section. Digital aortography was performed as the 
initial investigation in nine cases. In five of these 
dissection of the ascending aorta was demonstrated 
and surgical repair was undertaken without further 
investigation. Additional cineaortography in the 
other four patients confirmed the digital aor- 
tography findings of an aortic dissection confined to 
the descending aorta in one case and no dissection in 
three. In two of the 11 patients cineaortography was 
performed as the initial investigation. The results of 
subsequent digital aortography concurred with 
those of cineaortography 1n both cases, dissection of 
the ascending aorta being shown in one. In two cases 
in which cineaortography and digital subtraction 
aortography were both normal, computed tomog- 
raphy showed evidence of a possible healed dis- 
section. Thus surgery was not necessary 

Digital subtraction aortography is a valuable tech- 
nique for diagnosing acute aortic dissection, with no 
false positive or false negative findings when com- 
pared with cineaortography. Since it is a less trau- 
matic procedure than direct cineaortography it 
should be the investigation of choice if computed 
tomography is not immediately available. 
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Myocardial perfusion imaging with contrast 
echocardiography 


B Griffin, AD Timmis, E Sowton 
Guy's Hospital, London 


Contrast perfusion echocardiography with 2ml of 
hand agitated Urograffin (50% solution) was per- 
formed without complication in 27 patients with 
coronary artery disease. Twenty patients (group 1) 
were studied during routine coronary angiography 
in order to evaluate the potential of this new tech- 
nique for defining regional perfusion in the human 
heart. Group 2 consisted of seven patients under- 
going percutaneous transluminal coronary angio- 
plasty (PT CA) of proximal lesions. Lesions in each 
of the three major coronary arteries (left anterior 
descending (LAD), right coronary artery (RCA), 
and circumflex (Cx)) were dilated in this group. In 
group 1 contrast enhancement ‘occurred in every 
case in the expected distribution of the artery injec- 
ted. In four patients contrast enhancement occurred 
in areas remote from the vessel injected because of a 
well established collateral supply (demonstrated by 
angiography). The contrast effect persisted for 71 
(26) (SD)s. A repeat injection in six patients 
confirmed the reproducibility of the technique. In 
group 2 echocontrast was injected into the central 
lumen of the balloon catheter immediately before 
inflation. In each case regional enhancement of the 
myocardium was demonstrated. After balloon 
inflation the contrast enhanced area defined the area 
of dyskinesis. 

These data indicate that contrast perfusion 
echocardiography can be performed safely and 
reproducibly in man and that selective intracoronary 
injection of echocontrast defines the perfusion terri- 
tory of the vessel injected. 


Is the thallium defect the most ischaemic 
region of the ventricle? 


Ann Tweddel, W Martin, IMcGhie, I Hutton 
University Department of Medical Cardiology, 
Royal Infirmary, Glasgow 


Myocardial flow was determined in the areas of thal- 
lium perfusion defects in 12 male patients at time of 
angiography. 60 MBq of thallium-201 was injected 
into the aortic root during the last 15s of maximal 
symptom limited supine exercise. Myocardial flow 
was measured at rest before and immediately after 
exercise by means of xenon-133 myocardial clear- 
ance with direct intracoronary injection. Thallium 
defects were seen in 17 of 36 areas with supply attri- 
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butable to each of the major vessels. In the region 
supplied by the left anterior descending coronary 
artery with no thallium defects mean flow at rest was 
73 (12)ml/100g/min, falling on exercise to 52 
(12) ml/100g/min. Where there was a thallium 
defect mean flow was 38 (5), increasing on exercise 
to 62 (7) ml/100 g/min. In regions supplied by the 
circumflex coronary artery, flow at rest was 56 (9) 
where a thallium defect was present and 59 
(8) ml/100 g/min where it was not; flow increased to 
79 (18) and 69 (6)ml/100 g/min respectively with 
exercise. Flows in the distribution area of the right 
coronary artery were similar whether or not a defect 
was present (42 (12) and 47 (11) at rest, and 48 (15) 
and 48 (14) ml/100 g/min on exercise). In five of 12 
patients flow was greatest in the area of the thallium 
defect. ' 

These results suggest that a perfusion defect on 
thallium scan does not necessarily indicate the 
region of the left ventricle in which the measured 
flow is most reduced, nor does it reflect a region in 
which flow is unable to respond to stress. 


A bedside nuclear probe for detection and 
quantification of left to right intracardiac 
shunts 


B A Gould, JR Turner, DH Keeling, N J Ring, 

AJ Marshall 

Departments of Cardiology, Radiology, and Nuclear 
Medicine, Greenbank and Derriford Hospitals, 
Plymouth 


A rapid bedside technique for the demonstration of 
left to right intracardiac shunts and their accurate 
quantitation would have an important application in 
clinical cardiological practice. We have compared a 
cadmium telluride nuclear probe with an Elscint 
gammacamera in 31 patients 11 of whom underwent 
right heart catheterisation and oximetric measure- 
ment of the shunt. The nuclear technique consists of 
a rapid injection of 740MBq (20mCi) of tech- 
netium-99m into the right antecubital vein and 
measurement of the pulmonary to systemic flow 
ratio (QP:QS) by the gamma variate technique. Data 
were not obtained in four patients because of frac- 
tionation of the injection in two and equipment 
faults in two. The mean (SD) difference between the 
size of the shunts measured by the nuclear probe and 
by the oximetric technique was 0-47 (0-82) and 
between the nuclear probe and the gammacamera it 
was 0-1 (0.71). Analysis of scatter plots showed a 


larger discrepancy with increased shunt size. For 22 , 


of the 27 data sets there was complete agreement 
between the nuclear probe and gammacamera on the 
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significance of the size of the shunt. Where 
differences did occur they were very small. 

These data indicate that left to right intracardiac 
shunts can be measured accurately at the bedside in 
either the coronary care unit when rupture of the 
interventricular septum is suspected or in the 
outpatient department. 


Intravenous and intra-arterial digital 
subtraction arteriography compared in 
coronary bypass patients 


H O'Kane, A McNeill, E McIlrath, J Cleland 
Cardiac Surgical Unit, Royal Victoria Hospital, 
Belfast 


Digital subtraction arteriography (DSA) offers a 
quick and low risk method of visualising coronary 
bypass grafts. The effectiveness of intravenous and 
intra-arterial DSA in visualising internal mammary 
artery (IMA) and vein grafts was compared in 35 
patients eight to twelve days after operation. All 
patients had either one or two IMA grafts and 32 
also had vein grafts. Both intravenous and intra- 
arterial DSA were carried out in all patients. À size 
5 French gauge catheter was advanced centrally to 
the right atrium (intravenous DSA) or aortic root 
Gntra-arterial DSA) from a peripheral vein or femo- 
ral artery respectively. The patients were not 
sedated nor.were any of their drugs (such as 
dipyridamole/aspirin) stopped for the study. In the 
intravenous investigation 40ml of lIopamidol 
(20ml/s) was injected and for the intra-arterial 
investigation 20 ml of Iopamidol (10 ml/s) was used. 
'There were no complications and specifically there 
were no femoral artery problems. Graft visualisation 
was scored from 0 to 3 (non-visualisation to excel- 
lent visualisation) and each graft was divided into a 
proximal and distal segment. Intra-arterial DSA 
visualised 98% of IMAs compared with 75% by 
intravenous DSA; 77% of vein grafts were visual- 
ised by intra-arterial DSA and 66% by intravenous 
DSA. Intra-arterial DSA is better than intravenous 
DSA for coronary bypass revisualisation. It would 
be of clinical value only in IMA but not vein graft 
revisualisation. 

Exercise digital cardiac fluoroscopy: a new 
non-invasive technique for the identification 


of severe coronary disease 


J Lyons, M Norell, J Gardener, R Balcon, C Layton 
The London Chest Hospital, London 


Digital angiographic systems can detect minor 
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changes in xray attenuation. Changes in heart vol- 
ume during the cardiac cycle can therefore be 
detected without the use of contrast medium. 
Phase/amplitude analysis can be used to produce 
images of the timing and amplitude of such changes. 
We have named this technique digital cardiac 
fluoroscopy (DCF). To assess DCF in the detection 
of left ventricular wall motion abnormalities we 
studied 20 patients shown angiographically to have 
coronary artery disease (CAD). All patients under- 
went DCF at rest and 11 were also examined at peak 
exercise. Images were acquired in the right anterior 
oblique projection at 12-5 frames/s and phase/ 
amplitude analysis was performed over three cardiac 
cycles. Cine left ventriculograms (CLV) and DCF 
were reported in random order after division of the 
ventricle into three segments. Resting DCF detected 
wall motion abnormalities appropriate to the CAD 
in 16 cases, including two with a normal CLV. The 
DCF was normal in four cases despite an abnormal 
CLV in three. There was a deterioration in wall 
motion in eight of the 11 patients undergoing exer- 
cise DCF. This group contained all patients with 
two and three vessel disease. There was either no 
change or an apparent improvement in wall motion 
in the remaining three patients, all with one vessel 
disease. 

Exercise DCF is a new non-invasive method of 
detecting left ventricular wall motion abnormalities, 
which potentially can discriminate between minor 
and severe CAD. 


The internal mammary artery: the graft of 
choice 


H O'Kane, I Galvin, D J Gladstone, J Cleland 
Cardiac Surgical Unit, Royal Victoria Hospital, 
Belfast 


Significantly better graft patency, long term patient 
survival, and reoperation free survival are all associ- 
ated with the internal mammary artery (IMA) graft. 
For these reasons we returned to using the IMA and 
have studied 279 patients who have received 367 
IMA grafts since October 1984. Serial cardio- 
selective enzymes (CK MB) and ECGs were 
recorded after operation in all patients and digital 
subtraction arteriography (DSA) was done in 87% 
of patients before hospital discharge. The only con- 
traindication to the use of the IMA was emergency 
operation for failed angioplasty. The patients were 
aged up to 70 years, with the usual sex ratio, and 
their left ventricular function ranged from 17% to 
70%. There were 194 patients with a single IMA 
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and 86 patients with double IMAs, these included 
patients who had sequential and free IMA grafts. 
Apart from 34 patients who received an IMA graft 
only, all the others also received vein grafts (1—5). 
Other procedures carried out included valve 
replacements (5 mitral, 2 aortic) and closure of an 
atrial septal defect. A comparable group of 125 
patients with vein grafts alone, operated on over the 
same period, were also followed up but they did not 
have DSA. There was no significant difference 
between the perioperative infarction rates (6:59 
IMA, 7:594, vein graft) or the mortality rates (2:895 
IMA, 1:6% vein graft). Digital subtraction arte- 
riography showed that 96% of IMAs studied were 
patent at hospital discharge. 

This experience confirms the IMA as our graft of 
choice in all cases requiring elective revascularisa- 
tion and encourages us to expand its use. 


Assessment of coronary artery bypass graft 
flow by intraoperative Doppler ultrasound 


IA Simpson, T J Spyt, D J Wheatley, SM Cobbe 
University Departments of Medical Cardiology and 
Cardiac Surgery, Royal Infirmary, Glasgow 


Measurement of coronary artery bypass graft flow 
by an electromagnetic flowmeter has several disad- 
vantages, in particular the need for satisfactory cir- 
cumferential electrical contact. Doppler ultrasound 
has been successfully used to measure aortic blood 
flow non-invasively and has the potential to assess 
flow in coronary artery grafts intraoperatively. We 
have studied 20 grafts in 10 patients aged 31-67 
years (mean 55 years) undergoing coronary bypass 
surgery. After termination of cardiopulmonary 
bypass intraoperative Doppler ultrasound exam- 
ination was performed by means of a 10 MHz pulsed 
Doppler pencil probe and a Vingmed Alfred 
Doppler velocimeter interfaced to a spectrum ana- 
lyser. The probe was positioned directly on the 
coronary graft and angulation to blood flow was 
minimised. Mean graft flow velocity was calculated 
by a frequency follower and vessel diameter by 
direct callipers measurement. Electromagnetic 
flowmeter recordings were performed for com- 
parison.. Doppler derived flows ranged from 0 to 
160 ml/min (mean 89-5 ml/min) and compared well 
with those obtained by electromagnetic flowmeter 
recordings (0 to 120 ml/min (mean 65:3)) (r = 0-77). 
Doppler ultrasound provides a satisfactory 
method of assessing coronary artery bypass graft 
flow intraoperatively; it may also prove suitable for 
measuring flow in native coronary vessels. 
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Assessment of myocardial revascularisation 
at the time of graft completion by 
monophasic action potential recordings 


P Taggart, P Sutton, M Runnalis, W O’Brien, 
R Donaldson, R Hayward, H Swanton, R Emanuel, 
T Treasure 


Departments of Cardiology, Physiology, 
Cardiothoracic Surgery, and Anaesthesia, 
The Middlesex Hospital and Medical School, 
London 


Observations in animals and during cardiac cath- 
eterisation in man have shown that monophasic 
action potential (MAP) recordings provide a highly 
sensitive measure of localised myocardial ischaemia. 
We have developed an electrode suitable for record- 
ing from the epicardium during coronary artery 
bypass surgery. A bipopular pressure contact 
silver/silver chloride electrode is secured in an 
acrylic mount that is grooved to allow it to be held 
between the index and middle fingers. The design 
enables it to be slid within the pericardium between 
the rib cage and left ventricular free wall and posi- 
tioned at any selected recording site with minimal 
displacement of the heart. We have tested the ability 
of the electrode to quantify short periods of local 
ischaemia in eight patients undergoing routine coro- 
nary artery bypass surgery (4 left internal mammary 
anastomoses (LIMA) and a total of 27 saphenous 
vein grafts (SVG)). After completion of all grafts 
blood flow to the myocardium was reduced for 90 
seconds by means of different permutations of SVG 
and LIMA occlusion. In all patients the MAP dem- 
onstrated typical ischaemic changes (for example 
loss of amplitude 33-3 (4-3) mV to 25-7 (42) (p < 
0:005), loss of diastolic potential 21:1 (2:9) mV to 
17.1 (2:9) (p « 0-005), and shortened duration at 
90% repolarisation 286-0 (20-7) ms to 261 0 (15-2) (p 
« 0:001)). 

Our results so far indicate that: (a) the electrode 
design is capable of providing stable MAP signals 
from any selected area of the left ventricular epicar- 
dium; (b) the MAP recordings provide a useful 
quantitative index of ischaemia; (c) the high sensi- 
tivity of the technique enables results to be obtained 
with relatively short periods of interruption of blood 
flow and this makes the method quick, simple, and 
without hazard to the patients; (d) the technique is 
applicable to assessing regional ischaemia, the 
viability of specific areas of myocardium, and the 
efficacy of individual grafts. 
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The assessment of coronary artery bypass 
grafts by magnetic resonance imaging with 
velocity mapping 


SR Underwood, D N Firmin, RH Klipstein, 
RSO Rees, D B Longmore 

Magnetic Resonance Unit, National Heart and 
Chest Hospital, London 


Flowing blood usually gives no magnetic resonance 
signal and patent coronary artery grafts should be 
identified by this contrast with surrounding struc- 
tures. This study tests this assumption and explores 
the additional information provided by magnetic 
resonance velocity mapping. Ten patients with a 
total of 36 grafts were studied. Diastolic images were 
acquired in transverse, sagittal, and oblique planes 
through the ascending aorta, and the grafts were 
considered to be patent if they could be identified 
and followed for most of their length. Velocity map- 
ping was performed by a cine field echo sequence 
and measurements were made throughout diastole. 
Angiography showed 27 grafts to be patent, and in 
23 the results of conventional magnetic resonance 
imaging accorded (sensitivity 85%). No occluded 
grafts were incorrectly assigned by magnetic reso- 
nance (specificity 100%). Of the four patent grafts 
that were not detected, two were small and served 
diseased vessels with poor run off. Velocity mapping 
was performed in eight patients and measurements 
were obtained in six of them. Peak velocities in the 
grafts in early systole ranged from 74 to 640 mm/s. 
An independent assessment of graft function was 
not available, but in one patient in a graft with good 
run off, velocity was high (326 mm/s peak), and in a 
graft with poor run off it was low (74mm/s peak). 
Conventional magnetic resonance imaging is sen- 
sitive and specific in the detection of patent coronary 
artery bypass grafts. Velocity mapping did not 
improve sensitivity, but it did provide a*measure of 


graft function. 


Secretion of human atrial natriuretic peptide 
from the heart 


DRJ Singer, J W Dean, M Buckley, 

G A MacGregor 

Blood Pressure Unit, Department of Medicine and 
Department of Physiology, Charing Cross and 
Westminster Medical School, London 


Atrial natriuretic peptides (ANP) have recently been 
isolated and synthesised from mammalian heart. A 
growing body of evidence suggests that increased 


94 


atrial pressures are a mechanism for release of ANP. 
Studies directly exploring cardiac release of ANP, 
however, have been confined to groups of patients in 
whom atrial pressure is abnormally high. We there- 
fore studied eight patients undergoing elective car- 
diac catheterisation and angiography who had no 
overt clinical features of cardiac failure. All had nor- 
mal renal and liver function and normal resting car- 
diac pressures. ANP was measured by radio- 
immunoassay after extraction. Plasma ANP 
concentration was significantly higher in the right 
atrium (45-2(8:6) pg/ml; p<0-05), right ventricle 
(43-8 (7 T) pg/ml), and pulmonary artery 
(43-1 (6 8) pg/ml; p « 0-01) than in the superior vena 
cava (32-0 (5 4) pg/ml). In three of the eight subjects 
there was no increase in the release of ANP into the 
right atrium. There was, however, a consistent rise 
from the superior vena cava to right ventricle for all 
eight subjects. We attribute this to incomplete atrial 
mixing of blood because of streaming and the high 
local concentration of ANP in blood leaving the 
coronary sinus. In contrast with the increase in con- 
centrations across the right side of the heart, there 
was no significant difference in plasma ANP between 
the right heart and left ventricle (38-2 (4-5) pg/ml). 
'The increase in plasma ANP of 11:8 pg/ml from the 
superior vena cava to the right ventricle indicated 
that the mean right atrial secretion rate for these 
subjects was approximately 940pg/s. The ANP 
increase across the heart from superior vena cava to 
the left ventricle was, however, only 6-1 pg/ml, giv- 
ing a lower net cardiac secretion rate of approxi- 
mately 500 pg/s. 

There is increasing evidence that ANP is 
important in the pathophysiology of many disorders 
of sodium and water balance. These studies clearly 
demonstrate that the heart secretes atrial natriuretic 
peptides into the right atrium in the presence of 
normal cardiac pressures. 


Mechanisms underlying polyuria 
accompanying supraventricular tachycardia 
in man 


GC Kaye, P Baylis, PJ Lowry, AJ Camm 
St Bartholomew’s Hospital, London 


Changes in urine flow, free water and sodium excre- 
tion, plasma catecholamines, renin  arginine- 
vasopressin (AVP), and atrial natriuretic peptide 
(ANP) were studied in ten patients (five men) with 
induced supraventricular tachycardia (SVT). Five 
patients were water loaded (group 1) to determine 
changes in urine flow and composition and five 
patients were not water loaded (group 2) to deter- 
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mined the role of AVP. The arrhythmia was initiated 
and terminated by programmed stimulation from the 
atria (9 cases) or from the ventricle (1 case). This was 
done at a similar time of day for each patient and for 
group 1 during constant urine flow. Group 1 patients 
were aged 21—72 (mean 48) years and group 2 were 
42-58 (mean 48) years. One patient in group 2 had 
clinical polyuria. The duration of tachycardia in 
group 1 was 20 min and in group 2 it was 24 min; 
heart rates were 184(18) and 181(27) beats/min 
respectively (NS). In group 1 urine flow increased 
from 5-1(1-0)ml/min immediately before tachy- 
cardia initiation to 10-4(1-9) ml/min (p «0-001) 
immediately after the end of tachycardia and in 
group 2 it increased from 2:4 (1:2) ml/min to 5:2 (1 6) 
ml/min (p « 0-05). There was a significant increase in 
both free water (p« 0-001) and sodium excretion 
(p «0-05) in both groups. During the arrhythmia 
there was no discernible pattern in plasma cate- 
cholamines and renin and plasma AVP was 
unchanged. In two patients in group 2, one with 
polyuria, there was a significant rise in plasma ANP 
during the arrhythmia, but ANP increased by a sim- 
ilar amount in a group of patients without such poly- 
uria. 

Changes in plasma AVP do not account for the 
increase in free water excretion during induced 
SVT. Changes in plasma ANP do not account for the 
polyuria, and this suggests that an additional diuretic 
factor is responsible for the increase in free water 
excretion. 


Rapid atrial pacing releases atrial natriuretic 
peptide, suppresses renin secretion, and 
causes diuresis 


KP Walsh, TD M Williams, R Canepa-Anson, 
EPitts, SL Lightman, R Sutton 
Westminster Hospital, London 


Paroxysmal tachycardias (PT) are often accom- 
panied by polyuria. Plasma concentrations of atrial 
natriuretic peptide (ANP) have recently been found 
to be increased during PT. We present an animal 
model for PT and its associated haemodynamic, 
renal, and neuroendocrine changes. Seven male 
greyhounds anaesthetised with chloralose were 
paced from the right atrial appendage for one hour at 
250 pulses/min. Haemodynamic measurements, 
arterial plasma samples (ART), and urine collections 
were taken every 20 min for 90 min before and after 
rapid atrial pacing. In addition, blood was sampled 
from the proximal coronary sinus (CS) for the esti- 
mation of ANP concentrations. Rapid atrial pacing 
produced a pronounced rise of mean pulmonary 
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wedge pressure (from 2 4(0-9) to 8-0(1 5) mmHg, 
mean (SEM), p«001) accompanied by small 
decreases in cardiac output (from 4-69(0-33) to 
3 75 (0-26) l/min, p « 0:01) and in mean arterial pres- 
sure (from 151(6) to 139(5) mmHg, p<0-01). 
Plasma renin activity decreased during pacing from 
5590 (1300) to 2660(330) ng AI/h/1 (p<0-05) and 
there was a rebound increase to 8230 (1330) ngAI/h/1 
60 min after pacing. Coronary sinus ANP concen- 
trations were initially sevenfold greater than arterial 
concentrations and both increased during pacing 
(ANP s 86 (12) to 515 (63); ANP,,, 12(3) to 146 (41) 
pmol/l (p <0 05). Urine flow increased from 3-2 (0 6) 
to 5:5 (0-5) ml/min (p « 0 05) during the latter 30 min 
of rapid pacing. 

Rapid atrial pacing causes a pronounced rise in 
left atrial pressure accompanied by a considerable 
release of ANP from the coronary sinus and an 
increase of arterial ANP concentrations. This is fol- 
lowed by diuresis and suppression of renin secretion. 


Effect of calcitonin gene related peptide on 
haemodynamic function and regional blood 
flow in experimental chronic heart failure 


IS Anand, J Gurden, P A Poole- Wilson, P Harris 
The Cardiothoracic Institute, London 


Human calcitonin gene related peptide (hCGRP) is 
a recently discovered regulatory peptide with wide- 
spread distribution that includes the atria, cardiac 
nerve fibres, and blood vessels. hCGRP circulates in 
normal subjects and 1s one of the most potent endo- 
genous vasodilators in man. In view of the possible 
role of hCGRP in controlling peripheral vascular 
tone, we studied the effects of hCGRP infusion on 
the haemodynamic function and regional blood flow 
in a group of five normal rabbits and in a group of 
five rabbits with doxorubicin induced cardio- 
myopathy in heart failure. Two days before the 
study catheters were implanted into the right atrium, 
left ventricle, and ascending aorta. A specially 
designed thermistor catheter was inserted into the 
descending aorta. Studies were made on conscious 
animals at rest. Cardiac output was measured by 
thermodilution and regional blood flow by radio- 
active microspheres. In the normal rabbits hCGRP 
reduced the mean systemic pressure from 90 (17) to 
61 (7) mm Hg (mean (1 SD), p « 0:01), increased car- 
diac output from 342(96) to 449 (137) ml/min/kg 
(p « 0:05), and increased heart rate from 274 (21) to 
321 (20) beats/min (p « 0-05). There was a significant 
increase in renal and myocardial blood flow 
(p « 0-05). hCGRP had similar effects in the cardio- 
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myopathic rabbits. Mean systemic pressure fell from 
96 (15) to 63(16) mmHg (p «0 01), cardiac output 
increased from 230(44) to 287(17) min/ml/kg 
(p <0 05), and heart rate increased from 286 (17) to 
315 (21) beats/min. Renal and myocardial blood flow 
also increased (p « 0 05). 

These data confirm that hCGRP is a powerful 
vasodilator, but they show that the increase in blood 
flow is limited to renal and myocardial tissues. 


One thousand heart attacks in Grampian: 
the place of cardiopulmonary resuscitation in 
general practice 


JMRawles, GR Pai, Neva Haites 
Department of Medicine, University of Aberdeen, 
Aberdeen 


We report the outcome of 1011 heart attacks that 
occurred in patients under the care of general prac- 
titioners who practised cardiopulmonary resusci- 
tation and were equipped with defibrillators. The 
incidence of heart attacks was 3-5 per thousand pop~ 
ulation per year; the 28 day mortality was 36%, and 
17% died before being seen by a doctor. The general 
practitioner was the first medical contact in 92% of 
heart attacks, and in 80% of such calls he had a 
defibrillator with him. Fifty six patients had cardiac 
arrest in the presence of a general practitioner and 
resuscitation was attempted in 47 cases, representing 
5% of all heart calls. Twenty one (45%) resuscitated 
patients reached hospital alive and 13 (28%) sur- 
vived to leave hospital. 

The opportunities for cardiopulmonary resusci- 
tation in general practice are sufficiently frequent to 
warrant the training and equipping of general prac- 
tinoners for advanced life support. The results of 
resuscitation by general practitioners working alone 
compared favourably with those of hospital based 
mobile coronary care units. 


The inability of trained nurses to perform 
basic life support: failure of a critical link 


Geralyn Wynne, Theresa Marteau, Marie Johnson, 
T R Evans, Carolyn Whiteley 

The Royal Free Hospital and School of Medicine, 
London 


A large proportion of cardiac arrests in hospital 
occur on the ward. Prompt and effective basic life 
support (BLS) increases survival after cardiac arrest 
and thus BLS must be started by the nursing staff. 
The first aim of this study was to assess the 
effectiveness of BLS skills in trained nurses and the 
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second aim was to examine the relation between 
nurses’ perceived skills and their actual skills. The 
sample comprised 53 trained nurses attending an 
orientation course at a London teaching hospital 
who were tested without prior warning. Skills were 
assessed on a recording manikin. Experience of BLS, 
self reported confidence, and beliefs about the 
effectiveness of BLS were assessed by a question- 
paire. Twenty two nurses completed the BLS assess- 
ment before completing the questionnaire, while the 
remainder completed the questionnaire first. None 
of the nuses performed BLS adequately by national 
standards; 57% were assessed as being completely 
ineffective. Experience was related to confidence but 
not to competence at performing BLS. Sisters were 
significantly more confident than staff nurses (F — 
3:75; p « 0:05) but no more competent. Nurses sco- 
ring higher on BLS skills assessment estimated the 
procedure as being significantly more successful 
than those with lower scores (t = 2:36; p « 0-05). 
Nurses who completed the self ratings after com- 
pleting the BLS assessment gave significantly lower 
estimates of their skills than those completing the 
ratings first (t = 2-20; p « 0:05). 

The results show that the BLS skills of trained 
nurses are as poor as those reported for doctors. BLS 
by nurses is an essential part of ward resuscitation 
and ways of improving nurse training will be 
discussed. 


Physical rehabilitation of coronary patients in 
the community : 
H J N Bethell 

Basingstoke District Hospital, Basingstoke, 
Hampshire 


A controlled trial of exercise training for patients 
recovering from acute myocardial infarction is 
reported. Two hundred consecutive patients treated 
in a district general hospital coronary care unit were 
randomised to either a three month course of phys- 
ical training or a control group. 82% of the treated 
patients finished the course, which was held in a local 
sports centre. The physical fimess of the treatment 
group, as measured by the predicted maximum oxy- 
gen uptake, increased by 27% compared with 14% 
for the controls (p < 0-001). The myocardial work at 
a submaximal exercise load as measured by the dqu- 
ble product fell by 12-8% in the treatment group and 
by 0-694 in the controls (p « 0:001). The prevalence 
of angina fell by 10% in the treatment group but rose 
by 60% in the controls. The energy level in the 
treatment group rose by 36% more than it did in the 
controls. 
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The use of community sports facilities to rebabil- 
itate coronary patients is effective and cheap and 
could meet a need which is not catered for by most 
hospitals in the United Kingdom. Conducting the 
exercise course away from the hospital makes it less 
like treatment and more like fun, thus encouraging 
compliance. 


Management of myocardial infarction in 
Scotland 


S J Hutchison, S M Cobbe 
University Department of Medical Cardiology, 
Royal Infirmary, Glasgow 


A questionnaire on the management of myocardial 
infarction was sent to 160 consultants in Scotland; 
120 (80%) replied. Sixty nine (54%) of respondents 
were based in teaching hospitals and 54 (2895) were 
cardiologists or physicians with an interest in cardi- 
ology. Forty two (38%) were participating in studies 
of early management, primarily of thrombolytic 
treatment. Three (2-395) used fi blockers routinely in 
the acute phase. Significantly more physicians than 
cardiologists treated "warning" arrhythmias with 
lignocaine (65 (70%) vs 13 (3796), p «0 01). Physi- 
cians and cardiologists differed in their use of fj 
blockers (29(31%) vs 21(58%), p « 0-01) and of 
exercise testing (23(25%) vs 23(64%), p « 0-01) in 
long term management). Fifty two (56:595) of physi- 
cians did not use f blockade nor did they perform 
exercise testing for risk stratification after infarction 
(8(22-296) of cardiologists, p « 0-01). 

These results suggest that cardiologists have been 
more influenced by recent studies of postinfarct 
management than have general physicians, either in 
prescribing £ blockers or attempting to identify high 
risk cases by exercise testing. 


Is there a correlation between exercise 
tolerance and haemodynamic variables in 
patients with chronic severe left ventricular 
dysfunction? 

AO Molajo, DH Bennett, C Ashcroft, SB Lucas ' 
Regional Cardiac Centre, Wythenshawe Hospital, 
Manchester 


Current practice in the evaluation of drugs for the 
treatment of patients with chronic left ventricular 
dysfunction (CLVD) involves the assessment of 
the effect of the drugs on resting haemodynamic 
variables. Frequently a favourable haemodynamic 
response is not associated with improvement in exer- 
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cise tolerance. In order to explain this discrepancy 
we investigated the relation between the resting 
haemodynamic variables and exercise tolerance in 26 
patients with dyspnoea of effort secondary to left 
ventricular (LV) dysfunction. Treadmill exercise 
tolerance testing was performed within 48 hours of 
the haemodynamic assessment, without change in 
their treatment and by means of the most suitable 
predetermined patient matched protocol. The mean 
angiographically determined left ventricular ejection 
fraction was 39 (2195) (mean (SD)). Exercise toler- 
ance (202-5 (141-595) x 10? J (range 30-644 x 10?)) 
correlated significantly with resting mean pul- 
monary capillary wedge pressure (PCWP) 
(r= —0 74; p=0-007). There was no correlation 
between the exercise tolerance and stroke index, left 
ventricular end diastolic volume index, left ventricu- 
lar end systolic volume index, stroke work index, 
systemic vascular resistance, pulmonary vascular 
resistance, or LV ejection fraction. 

These findings indicate that in CLVD patients 
resting PCWP is a major indicator of exercise toler- 
ance but other indices of left-ventricular function are 
not. This may partially explain the discrepancy 
between drug effect on haemodynamic variables and 
exercise capacity. 


Nitrate tolerance: prevention by intermittent 
dosing 


J C Cowan, J P Bourke, D S Reid, D G Julian 
Department of Cardiology, Freeman Hospital, 
Newcastle upon Tyne 


Sustained exposure to nitrates may increase sus- 
ceptibility to tolerance. An investigation was under- 
taken to compare the extent of the development of 
tolerance during continuous and intermittent treat- 
ment with glycery] trinitrate patches. The study was 
divided into short term and long term phases, each 
with a double blind crossover design. Exercise test- 
ing was performed before and 3-5 hours after appli- 
cation of an active (10mg Transiderm) or placebo 
patch (short term). The long term phase consisted of 
two one week treatment periods with crossover 
between continuous active and intermittent active 
treatment. Patches were changed twice daily at 8am 
and 8pm (continuous treatment, 8am active and 
8 pm active; intermittent treatment, 8 am active and 
8pm placebo). Exercise testing was performed on 
day 8 of each treatment period with the previous 
evening’s patch still in position and repeated 3-5 
hours after active patch application. Twelve patients 
were studied. Short term active treatment prolonged 
: mean (SEM) exercise time (active 428 (30) s; placebo 
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361(26), p«0-01). In the long term phase, this 
benefit disappeared during continuous treatment 
(continuous active 363 (23) s; placebo period of inter- 
mittent treatment, 348 (30), p» 0-05). By contrast, 
the benefit was fully maintained during intermittent 
treatment (continuous active 370 (21) s; active period 
of intermittent treatment 432 (21), p = 0-01). 

It is concluded that complete tolerance develops 
during continuous treatment with glyceryl trinitrate 
patches but that antianginal efficacy is fully main- 
tained when patches are removed for 12 hours over- 
night. This result suggests that constant exposure to 
nitrate increases susceptibility to tolerance. 


Differential contributions of the coronary 
arteries to left ventricular flow during stress 


Ann C Tweddel, W Martin, I McGhie, I Hutton 
University Department of Medical Cardiology, 
Royal Infirmary, Glasgow 


'The contributions from each major coronary vessel 
to total left ventricular flow during stress were deter- 
mined in nine patients with arteriographically nor- 
mal coronary vessels and right dominant systems. 
Myocardial flow was measured by clearance of 
xenon-133 injected into each of the major coronary 
vessels. Measurements were made at rest, during 
atrial pacing at 90 and 110 beats/min, and immedi- 
ately after maximal supine exercise. Total left ven- 
tricular flow increased with atrial pacing at 
90 beats/min by 14-3(1)% (p«0:02) and at 
110 beats/min by 45-8(16) (p < 0-02) and 1mmedi- 
ately after exercise by 18-5(5)% (p<0 05). In the 
area of distribution of the left anterior descending 
artery, flow increased by 13(2)% (p<0-02) with 
atrial pacing at 90beats/min and by 40(1)% 
(p «0 02) with atrial pacing at 110 beats/min and by 
18(7)% (p « 0:02) immediately after exercise. In the 
area of distribution of the circumflex artery, flow 
increased by 16(3:6)94 (p « 0-02) with atrial pacing 
at 90 beats/min, by 51 (14°6)% (p « 0-02) with pacing 
at 110 beats/min, and by 24 (6)% (p « 0:02) immedi- 
ately after exercise. In the inferior surface of the left 
ventricle, supplied by the right coronary artery, flow 
was unchanged wnth atrial pacing at 90 beats/min 
(—3-6%(1)%), atrial pacing at 110 beats/min 
(—0-4(2)%), or after exercise. Maximal variation in 
area of distribution was +8% and was unchanged by 
atrial pacing or after exercise. 

In conclusion, increased myocardial flow in 
response to stress is provided by the left coronary 
artery, with little change in the right coronary artery 
flow. This suggests a mechanism for the differing 
impacts of anterior and inferior ischaemia and 
infarction on left ventricular dysfunction. 
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A clinical profile of 200 patients with 
palpitation 


CP Lau, GC Kaye, J Elbstob, D Mehta, AJ Camm 
Department of Cardiology, St Bartholomew's 
Hospital, London 


Questionnaires were completed by 200 consecutive 
patients who had presented with palpitation to the 
department of cardiology over an 18 month period. 
There were 102 men (aged 18-72 years) and 98 
women (aged 18~76 years). 95% presented within 
one year of the onset of symptoms. 41% had supra- 
ventricular reentrant tachycardia (SVT) of whom 
63% had Wolff-Parkinson-White (WPW) syndrome 
and 26% had intranodal tachycardia, 22% had atrial 
fibrillation, 5% had atrial flutter, 4% had automatic 
atrial tachycardia (AAT), 14% had ventricular 
tachycardia, and 6% had atrial or ventricular extra- 
systoles. Palpitation lasted for minutes (53%), hours 
(50%), or days (15%). Nine (5%) patients had con- 
tinuous palpitation; most of them were having AAT. 
Other symptoms during palpitation included dys- 
pnoca (60%), dizziness (56%), and chest pain 
(50%). 26% of all patients had at least one episode 
of syncope and 35% of these had frequent blackouts 
despite regular treatment. 20% of patients passed 
much more urine than normal during palpitation and 
there was a strong association with SVT, particularly 
WPW (58%) and atrial fibrillation (20%). 43% of 
this group of patients found this effect inconvenient. 
At the time of presentation, 26% were taking fi 
blockers, 33% were on other antiarrhythmics, and 
5494 were on combination treatment. Despite regu- 
lar medication 36% continued to have palpitation 
lasting for hours and 18% had daily attacks. Of the 
six patients who had operation, one still had daily 
palpitation, four were on medication, one had a pace- 
maker, and only one was on no other treatment. Only 
10 of the 16 patients treated by pacing were on no 
other treatment. 

In conclusion, patients with paroxysmal arrhyth- 
mias continue to have frequent and disabling symp- 
toms despite treatment. 


Is single coronary artery occlusion in young 
adults the result of abnormal platelet 
function? 


AH Gershlick, Denise Syndercombe Court, 

P G Mills, R Balcon 

The London Chest Hospital and The London 
Hospital, London 


In young patients who suffer myocardial infarction a 
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single coronary occlusion is often demonstrated. 
Frequently the remaining arteries are angio- 
graphically normal. To determine whether occlusion 
could be due to spontaneous thrombus formation or 
an abnormal thrombotic reaction to minor athero- 
matous plaque trauma we have studied three groups 
each of 25 male patients: group I ( « 45y) with single 
coronary occlusion; group II (<45y) symptom free 
controls; and group III (>50y) with known multi- 
vessel disease. In these groups platelet aggregometry 
was used to determine the platelet activation index (a 
measure of platelet hyperactivity). We measured 
concentrations of platelet factor 4 and fi throm- 
boglobulin (STG) to evaluate platelet release reac- 
tion and fibrinogen, antithrombin III, and a? anti- 
plasmin to assess thrombotic tendency. Smoking 
habit, family history, and lipid status were documen- 
ted. Cigarette smoking was more common 1n group 
I patients than in group II (15/25 vs 3/25, p « 0-01). 
The platelet activation index was also significantly 
greater in group I than in group II (mean (SD), 
4:25 (2-19) vs 3-26 (0-96), p « 0-02), indicating that 
group I patients had hyperactive platelets. No 
significant increase in platelet activation index was 
found in patients with multivessel disease (group 
III). While mean (SD) concentrations of fibrinogen 
and f TG in group III were significantly greater than 
in group II (fibrinogen 2-50 (0-26) vs 2-25 (0-27) g/l, 
p<0-005; BTG 66-73(62-2) vs 36-4(14-03) ng/ml, 
p<0-05), this is likely to be secondary to their ath- 
eroma. No such increases were seen in group I. Since 
smoking was more common in group I this may have 
exacerbated their underlying platelet abnormality. 
Such platelet hyperactivity may be the primary cause 
of coronary occlusion in young patients. 


Thombolytic treatment in acute myocardial 
infarction complicated by cardiogenic shock 


MPS Varma, T McLean, E Chadwick, 

D Anderson, K Hicks 

Cardiac Unit, Erne Hospital, Enniskillen, County 
Fermanagh, Northern Ireland 


Fifteen patients aged between 40 and 75 (mean 57:1 
years) with acute myocardial infarction, complicated 
by cardiogenic shock (systolic blood pressure 
<80 mm Hg despite intervention) and who had had 
symptoms for less than six hours (mean 137 min) 
were given 1:5 million units of streptokinase intra- 
venously over 30 min followed by full hepa- 
rinisation. Nine (60%) patients had a previous his- 
tory of angina or myocardial infarction. Eleven 
(73-396) patients are alive and four (26:7%) patients 
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died in hospital. Angiography was performed in 
eight patients within 10 days of streptokinase. None 
of the patients showed clinical evidence of 
reocclusion before angiography. Mean time to reper- 
fusion as judged by ST segment regression, increase 
in blood pressure, and clinical criteria was 78:1 min. 
There was angiographic evidence of reperfusion in 
all eight patients. Reperfusion ventricular arrhyth- 
mias were seen in each successful case and, with the 
exception of ventricular tachycardia in one patient, 
the other arrhythmias were transient and did not 
require any intervention. Two patients had urgent 
bypass grafting and one had percutaneous trans- 
luminal angioplasty. The remaining patients were 
managed conservatively. 

Cardiogenic shock has a very high mortality. 
Intravenous streptokinase may be used in this condi- 
tion to open up infarct related arteries (in about 73% 
of patients in this series) thus preserving myo- 
cardium and improving morbidity and mortality. 


Coronary occlusion in acute myocardial 
infarction is frequently intermittent 


D Hackett, G Davies, S Chierchia, A Maseri 
Royal Postgraduate Medical School, Hammersmith 
Hospital, London 


Thrombolytic treatment has clearly established the 
importance of thrombosis in maintaining coronary 
occlusion in acute myocardial infarction (AMI), but 
the initiating mechanism is less clear. Holter mon- 
itoring was started immediately on presentation in 
45 patients with AMI of less than four hours 
duration who had coronary arteriography (CA) and 
intracoronary streptokinase infusion. At CA 38 
patients had total coronary occlusion and seven had 
subtotal coronary occlusion. Thrombolysis induced 
reperfusion in 37 (82%) patients 81-530 (mean 283) 
min after the onset of symptoms. Twelve episodes of 
intermittent resolution and re-evaluation of the ST 
segment were seen during Holter monitoring in 
8(18%) patients before CA was performed. Three 
similar episodes occurred before and 25 during con- 
tinuous streptokinase infusion in 16 (36%) patients 
studied by CA, confirming that coronary reopening 
and reocclusion were associated with these episodes. 
When reocclusion was observed at CA, intra- 
coronary isosorbide dinitrate 2mg was followed up 
by reopening on 14(50%) occasions in 11(69%) 
patients. Holter recording in two patients in the 24 
hours before AMI showed frequent transient epi- 
sodes of ST segment elevation. In total, 50 episodes 
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of coronary reocclusion were found in 22(49%) 
patients. There was no difference in the severity of 
the mean (SD) residual minimal coronary stenosis 
diameter immediately after thrombolysis between 
those patients with (1-08(04)mm and without 
(1:14 (0:3) (p=0-6) reocclusion. 

Intermittent coronary occlusion is found before, 
at the onset, and during the evolution of AMI and 
might explain the variable time course of its 
evolution. Coronary reocclusion responsive to 
nitrates during intracoronary thrombolytic treat- 
ment suggests that vasoconstriction may contribute 
to coronary occlusion in AMI. 


Hypertensive left ventricular hypertrophy: 
identification of a high risk subgroup 


SD Pringle, F GDunn, J McKillop, 

P W Macfarlane, AR Lorimer 

University Departments of Medicine and Medical 
Cardiology, Royal Infirmary and Stobhill General 
Hospital, Glasgow 


Hypertensive patients with electrocardiographic left 
ventricular hypertrophy and strain (ECG-LVH and 
strain) have a threshold increase in mortality. This 
increased risk is in excess of that due to the level of 
blood pressure alone. We have therefore studied two 
groups of symptom free hypertensive patients. Group 
I (16 patients) consisted of those with ECG-LVH 
and strain. Group II (23 patients) did not have this 
abnormality. Exercise ECG, 24 hour Holter mon- 
itoring, and stress thallium scintigraphy were per- 
formed in all patients off treatment, and coronary 
arteriography was undertaken in the high risk group 
I patients. T'wo patients (both group I) had episodes 
of non-sustained ventricular tachycardia on Holter 
monitoring. All group I patients had accentuation of 
resting ST-T wave abnormalities during exercise. 
Reversible thallium perfusion defects were present 
in 9/16 patients in group I but in only 3/23 patients 
in group II. Moreover, of these nine patients with 
perfusion abnormalities, six had significant coronary 
artery disease (5 triple vessel disease, 1 single vessel 
disease). The remaining 10 patients in group I had 
completely normal coronary arteriograms. 

Thus the higher mortality in hypertensive patients 
with LVH and strain may be partly explained by 
covert coronary artery disease. We therefore feel that 
coronary arteriography should be considered in 
these patients especially if ECG-LVH and strain is 
associated with reversible thallium perfusion abnor- 
malities. 
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Raised concentrations of plasma atrial 
natriuretic peptide in cardiac transplant 
recipients 


D RJ Singer, MG Buckley, G A MacGregor, 

A Khaghani, N R Banner, M H Yacoub 

Blood Pressure Unit, Department of Medicine, 
Charing Cross and Westminster Medical School, 
London; and Cardiac Unit, Harefield Hospital, 
Harefield, Middlesex 


There ıs increasing evidence that the atrial 
natriuretic peptides (ANP) are an important new 
hormonal system for the regulation of sodium and 
water balance. Raised concentrations have been 
demonstrated in cardiac failure and in some patients 
with high blood pressure. Mechanisms determining 
release of ANP are not fully understood, however, in 
particular whether atrial autonomic innervation has 
a role. In view of the denervation of the transplanted 
heart and the increased amount of atrial tissue 
present after transplantation we have measured 
plasma concentrations of ANP in cardiac transplant 
recipients. We studied eight white cardiac transplant 
recipients (6 male and 2 female, mean age 42 years, 
weight 67.5 (3.9) kg, average (SEM) supine blood 
pressure 135/90 (4-2/2:5) mm Hg) and eight control 
subjects matched for age, sex, race, and blood pres- 
sure (mean age 42 years, weight 79-4 (4-7) kg, mean 
supine blood pressure 140/90 (5-1/2-7) mm Hg) on 
their normal diet. The patients had no evidence of 
significant rejection on cardiac biopsy 6-77 weeks 
after transplant. In one venous pressure was slightly 
raised. None of the remaining seven had clinical fea- 
tures of cardiac failure. All had plasma creatinine 
< 162 pmol/l (123(10) pmol/l). Treatment was by 
immunosuppression (cyclosporin and azathioprine) 
in eight, antiplatelet in seven (low dose aspirin seven 
with dipyridamole in five), and vasodilators in six 
(nifedipine or hydralazine). Blood was taken in the 
morning after the patients had sat for 10 minutes, 
and ANP was measured by immunoassay after 
extraction. Plasma ANP concentration, was 
significantly higher in cardiac transplant recipients 
(19-4 (3-9) pg/ml) than in controls (7-3(1:2) pg/ml) 
(p «0 01). The ANP concentration was not overtly 
related to treatment, arterial pressure, or cardiac or 
renal function. 

'The mechanisms contributing to the raised con- 
centrations are not clear. These findings appear to 
indicate that the transplanted atria are secreting 
atrial natriuretic peptides and to show that in man 
factors other than atrial innervation are of major 
importance in modulating ANP secretion. 
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A comparison of the St Jude medical and the 
Carpentier-Edwards xenograft valves in the 
mitral area 


J Cleland, D Gladstone, L Hamilton, H O'Kane 
Cardiac Surgical Unit, Royal Victoria Hospital, 
Belfast 


Results are compared over a 6/4 year period in 
patients having isolated mitral valve replacement 
with a St Jude medical prosthesis (SJM) or a 
Carpentier-Edwards xenograft (CEX). 94 patients 
(aged 29-71 years with 63 women and 31 men) had 
a CEX and 85 patients (aged 5-70 years with 66 
females and 23 males) had a SJM. Although they 
were not randomly allocated, the groups had com- 
parable surgical techniques and myocardial protec- 
tion was constant throughout the period. The CEX 
was used more frequently early in the study and 
therefore the follow up is longer (CEX 301 patient 
years; SJM 207 patient years). The 30 day mortality 
was 4:29, in the CEX group and 7% in the SJM 
group and late mortality was 85% and 5:3% 
respectively. There were no reported cases of pri- 
mary structural failure or significant haemolysis in 
either group. All patients in the SJM group and 80% 
in the CEX group were anticoagulated. Throm- 
boembolic episodes occurred in eight CEX patients 
(total of 14 events, 5 major and 9 minor), a rate of 4-6 
events/100 patient years. In the SJM group six 
patients experienced isolated events (1 valve throm- 
bosis and 2 major and 3 minor events), a rate of 2-9 
events/100 patient years. Reoperation for peri- 
prosthetic leak has been required by five patients 
(CEX 2, SJM 3), and whereas there were no cases of 
endocarditis in the SJM group, there were three (2 
Q fever) in the CEX group, with one death. Throm- 
boembolism resulted in two deaths in the CEX 
group but there were no deaths from this cause in the 
SJM group. 

The results in the two groups were therefore sim- 
ilar, with comparable numbers of patients alive and 
event-free at six years. Because of the known long 
term failure rate of tissue valves and the high per- 
centage of tissue valves requiring anticoagulation, 
our choice for mitral valve replacement is the St Jude 
medical valve. 


Hypertension, hypertrophy, and complex 
ventricular arrhythmias 


JM. McLenachan, E Henderson, K I Morris, 
C Isles, HJ Dargie 
Cardiac Department, Western Infirmary, Glasgow 
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Electrocardiographic left ventricular hypertrophy 
(LVH) is associated with a high incidence of sudden 
death from presumed cardiac arrhythmia. Increased 
ventricular ectopic activity has been demonstrated in 
hypertensive LVH but the prevalence of ventricular 
tachycardia, which is highly predictive of sudden 
death in other forms of cardiac hypertrophy, js not 
known. We investigated the frequency of complex 
ventricular arrhythmias by 48 hour ambulatory 
ECG monitoring in 100 hypertensive patients of 
whom 50 had ECG LVH and 50 did not. To exclude 
any effect of hypertension itself on arrhythmia fre- 
quency, the groups were matched for initial and 
achieved blood pressure levels as well as for age, sex, 
and smoking habit. In addition, left ventricular mass 
was estimated by echocardiography and serum 
potassium concentration was measured. Ventricular 
tachycardia (VT), defined as > 2 complexes at a rate 
> 120 beats/min, occurred in 14/50 (28%) of those 
with ECG LVH and 4/50(8%) of those without 
(p«0-05). Voltage evidence of LVH, ECG ST-T 
abnormalities, and left ventricular mass > 350 g were 
all significantly more common in those patients with 
VT. Indeed, 11(58%) of 19 hypertensive patients 
with LVH and "strain" had at least one episode of 
VT. The occurrence of VT was not related to initial 
or achieved blood pressure levels nor to serum potas- 
sium. 

Thus ventricular tachycardia occurs commonly in 
hypertensive left ventricular hypertrophy and may 
contribute to the high mortality; its frequency is not 
attributable to higher blood pressure levels nor to 
hypokalaemia but is related to the degree of cardiac 
hypertrophy. 


The digoxin-amiodarone interaction 


KChRobinson, S Walker, A Johnston, J P Mulrow, 
W J McKenna, D W Holt 

Royal Postgraduate Medical School, Hammersmith 
Hospital, London t9 


Amiodarone increases pre-dose plasma digoxin but 
its effect on the absorption profile of digoxin and the 
persistence of the interaction during long term treat- 
ment are not known. Amiodarone, 800 mg daily for 
7 days, was given to 10 patients (6F/4M) aged 51-72 
(mean 63) with poorly controlled atrial fibrillation 
despite therapeutic doses of digoxin. The blood 
concentration/time curve and urinary clearance of 
digoxin were studied before and after 7 days' ami- 
odarone treatment. In six patients digoxin mea- 
surements were repeated after a further 5 weeks of 
400 mg amiodarone daily. After amiodarone 800 mg 
daily peak plasma digoxin concentrations increased 
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from 1-8 (0-8) to 3-2 (1-7) ng/ml (p « 0-01). The total 
area under the concentration/time curve (AUC) 
increased from 8-7 (5-5) to 14-2 (9:3) ug/h (p « 0-01) 
but mean urinary digoxin clearance remained 
unchanged (92/27) to 74-0 (34 1) ml/min, p - NS). In 
the six patients receiving maintenance treatment 
mean digoxin AUC remained increased at 16:7 (1:7) 
ug/h. Mean amiodarone plasma concentration at 
weeks 1 and 6 was 1:9(0.5) and 2-2(0-4) mg/l 
respectively. The addition of amiodarone treatment 
improved arrhythmia control in all patients; mean 
resting heart rate fell from 110(10) to 65(8) 
beats/min. Unwanted effects of combined treatment 
included bradycardia (2) and gastrointestinal upset 
(1), but exacerbation of arrhythmia was not seen. 

'Thus amiodarone substantially increases plasma 
digoxin concentrations and the results suggest an 
extrarenal mechanism. The magnitude of the inter- 
action does not diminish during maintenance treat- 
ment. 


A seven year experience with the St Jude 
medical valve 


HO’Kane, D Gladstone, L Hamilton, J Cleland 
Cardiac Surgical Unit, Royal Victoria Hospital, 
Belfast 


From May 1979 until April 1986, 366 St Jude med- 
ical valves (143 aortic, 114 mitral, 53 multiple) were 
inserted in 310 patients (aged 5-82 years). The 30 
day mortality was 1-4% aortic, 5:2 mitral, 9-4% mul- 
tiple and the late mortality was 5% aortic, 6% mitral, 
and 1-9% multiple valve replacements. All patients 
were anticoagulated after operation. Two hundred 
and ninety eight patients have been followed for a 
total of 630 years. During that time we have not 
recorded a single occurrence of primary structural 
failure or significant haemolysis in any of the 
patients. One aortic valve patient stopped taking her 
anticoagulants and the valve became thrombosed. 
This valve was successfully replaced. In another 
patient the mitral valve became thrombosed after she 
switched from warfarin to subcutaneous heparin 
when she became pregnant; this valve was also suc- 
cessfully replaced. Thirteen patients experienced 
isolated thromboembolic episodes (7 major, 6 
minor), an incidence of 2-0 events/100 patient years 
(2:3 mitral, 1-9 aortic, and 2:5 multiple). In 14 
patients (7 mitral and 7 aortic) we measured the 
postoperative transvalvar gradients and effective 
valve areas. These studies confirmed the excellent 
haemodynamic function of this valve. 

Our extended clinical experience of the St Jude 
medical valve, which has a low profile (especially in 
the mitral area), reduced thrombogenicity, and large 
effective area, makes it our prosthetic valve of choice. 
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Conversion of atrial fibrillation to sinus 
rhythm: evidence for delayed improvement in 
zxercise capacity 


DP Lipkin, M Frenneaux, R Stewart, Trudi Lowe, 
A Maseri 

Royal Postgraduate Medical School, Hammersmith 
Hospital, London 


We have assessed the effect on exercise capacity of 
restoration of sinus rhythm in patients with atrial 
fibrillation (AF) and controlled ventricular response. 
"Ten patients (9 men) (mean age 56 years (range 
36-74)) were studied. AF had been present for 6-14 
"weeks and was associated with aortic or mitral valve 
‘surgery (6), dilated cardiomyopathy (2), coronary 
artery disease (1); in one patient it was idiopathic. 
‘Resting LV ejection fraction was 38% (range 12-75). 
-All subjects were practised in treadmill exercise 
before participating in the study. Treadmill exercise 
capacity was assessed by measurement of maximal 
oxygen consumption (Vomax) and anaerobic 
threshold by mass spectrometric analysis of mixed 
expired air before and on days | and 28 after elective 
DC cardioversion. Peak LV inflow velocities across 
the mitral valve were measured with pulsed Doppler. 
The relative contribution of atrial contraction to LV 
filling was determined by relating the areas under the 
A wave to the area under the E wave of the velocity 
time curve. Vo2max (ml/kg/min) on days 0, 1, and 28 
was 21 (3), 21 (3), and 24 (4) respectively (day 0 + 1 
vs 28, p « 0-01). Anaerobic threshold (ml/kg/min) on 
days 0, 1, and 28 was 17(2) 16(3), and 19(2) 
respectively (day 0 + 1 vs 28, p « 0-05). Atrial con- 
tribution to LV filling was trivial or absent in all 
patients studied on day 1 and had increased 
significantly in all patients by day 28. 

Conversion of AF to sinus rhythm is associated 
with a delayed improvement in exercise capacity. 
This may in part be due to slow improvement in 
atrial contractility and peak cardiac output after 
cardioversion. 


Risk factors for the formation of left atrial 
thrombus in mitral valve disease: who should 
be anticoagulated? 


IRStarkey, I Styliades, A Salachas 
Cardiology Department, Northern General 
Hospital, Sheffield 


A retrospective study of 256 consecutive open mitral 
valve operations performed in one hospital over a 33 
month period has shown that 25 (9-89) patients had 
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thrombus in the left atrium at operation. In only four 
had the presence of thrombus been suspected at pre- 
operative echocardiography. Significant risk factors 
for the presence of thrombus in the left atrium 
included predominant mitral stenosis, preoperative 
atrial fibrillation, and a history of “‘possible systemic 
embolism". No patient undergoing operation for 
dominant or pure mitral regurgitation of non- 
rheumatic origin bad thrombus in the left atrium at 
operation. Thirty one of the 37 patients with a his- 
tory of “possible systemic embolism” had rheumatic 
mitral stenosis, and all except one had suffered their 
possible embolic event before the start of anti- 
coagulant treatment. Four were still in sinus rhythm 
after the presumed embolus and a further 11 valves 
embolised within one month of the onset of atrial 
fibrillation. 

The results support the widespread use of early 
anticoagulant treatment in patients with rheumatic 
mitral valve disease, but suggest that such treatment 
may not be beneficial in patients with non-rheumatic 
mitral regurgitation. 


Electrocardiographic findings in veteran 
athletes 


SD Pringle, FG Dunn, AR Lorimer, 

P W Macfarlane 

University Department of Medical Cardiology, 
Royal Infirmary, Glasgow, and Department of 
Medical Cardiology, Stobhill General Hospital, 
Glasgow ‘ 


There have been few studies of ECG findings in 
highly trained veteran athletes (aged over 40 years). 
To assess the frequency of electrocardiographic 
abnormalities in this age group, the 12 lead electro- 
cardiograms (and cross sectional echocardiograms) 
of 38 top ranking veteran athletes (15 long distance 
cyclists, 15 marathon runners, and 8 weight lifters; 
mean age 53-5 years, range 42—72 years) were stud- 
ied. ECG measurements were made by computer 
and electrocardiographic left ventricular hyper- 
trophy (LVH) was assessed by the Sokolow and 
Lyon (S-L) index (SV1 + RV5 > 3:5 mV) and by 
a modified Romhilt-Estes (R-E) scoring technique. 
Left ventricular mass measured by echo- 
cardiography was regarded as abnormal if it was 
>215g or 140 g/m? when indexed by body surface 
area. ECG abnormalities were common: sinus bra- 
dycardia (less than 60 beats/min) occurred in 25; first 
degree atrioventricular block in three; second degree 
atrioventricular block (Mobitz type 1) in one; ST 
elevation in seven; T wave inversion in three; pro- 
longed QTc in four. Thirty individuals had echo- 
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cardiographic evidence of LVH by mass alone while 
only 14 had echocardiographic evidence of LVH by 
the indexed mass. Left ventricular function was nor- 
mal in all subjects. The sensitivity and specificity for 
the S-L criteria with respect to LV mass were 20% 
and 75%. Corresponding figures for the R-E scoring 
technique were 27% and 75%. When the indexed 
LV mass was used, however, the sensitivity and 
specificity improved to 29% and 89% for S-L and 
43% and 89% for R-E. 

Thus it is concluded that ECG abnormalities are 
common in veteran athletes and that the specificity of 
ECG LVH criteria in this group is acceptable when 
measured against LV mass indexed for body surface 
area. 


Perioperative acute myocardial infarction in 
coronary bypass surgery: is it related to 
preoperative ischaemia? 


H Yousif, G J Davies, S Westaby, D Moss, 

R Sapsford, C M Oakley 

Department of Cardiology, Hammersmith Hospital, 
London 


One hundred consecutive patients undergoing coro- 
nary artery bypass grafting were randomly allocated 
to preoperative (24h) intravenous infusion of iso- 
sorbide dinitrate (ISDN 1 5 mg/h, 50 patients) or to 
placebo (50 patients). The two groups were found to 
be closely matched (comparability 95%). The occur- 
rence of transient acute myocardial ischaemia was 
established by continuous ECG Holter recordings (2 
leads) with frequency modulated recorders. The 
diagnosis of myocardial infarction was based on the 
combination of clinical findings, ECG criteria (new 
Q waves), and serial creatine kinase MB isoenzyme 
concentrations. Episodes of acute myocardial 
ischaemia (rectilinear or down sloping ST segment 
depression z 0:1 mV) were found in 18% of patients 
in the control group and in none of those who 
received ISDN (p « 0:02). However, the incidence of 
perioperative infarction was similar (22% and 18% 
respectively). In this study a significantly higher fre- 
quency of perioperative myocardial infarction (PMI) 
was found in women (40%, p<0-05) (especially in 
those who were hypertensive (55%, p<0-05), 
patients with unstable angina (62:595, p<0-01), 
patients with poor left ventricular function (39%, 
p<0 05), those subjected to coronary 
endarterectomy (40%, p « 0-05), and those in whom 
the aortic clamping time was 250min (37%, 
p<0-05). These factors may have obscured the effect 
on PMI of preventing preoperative ischaemia. 

Our results show that preoperative ISDN infusion 
eliminates preoperative ischaemia but did not 
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influence the occurrence of PMI. The probable 
benefits of prevention of preoperative ischaemia on 
postoperative left ventricular function, a deter- 
minant of long term survival, remain to be 
established. 


Intravenous digital subtraction angiography 
in aortic root abscess 


H Thomas, GJ Hunter, T Treasure, RH Swanton 
Middlesex Hospital, London 


Aortic root abscess occurring in aortic valve endo- 
carditis is a complication that usually requires urgent 
operation. The diagnosis of these abscesses has 
entailed formal arterial angiography,  echo- 
cardiography, and computerised tomography. The 
most useful anatomical information is obtained from 
aortic root arteriography. There is a risk that friable 
infected material may be displaced from the affected 
valve and that perforation will disseminate the con- 
tents of the abscess cavity. Either may result in dis- 
tant secondary abscess formation at any site. Three 
patients with aortic valve endocarditis (one with a 
prosthetic valve infected with Staphylococcus epider- 
midis and two with native valves infected with Strep- 
ococci of the viridans type) underwent intravenous 
digital subtraction angiography (DSA) immediately 
before operation. In two cases first degree heart 
block suggested the possibility of a septal abscess. 
DSA demonstrated a large paravalvar abscess in 
several projections in all cases. Subsequent oper- 
ation confirmed the site and nature of the abscess 
cavity. 

The technique of intravenous DSA with an injec- 
tion of non-ionic contrast in the superior vena cava 
and imaging of the aortic root in at least two 
projections produces high quality diagnostic images, 
even in very sick patients. Disturbance of the abscess 
is avoided yet good anatomical information is 
obtained. The use of non-ionic contrast prevents 
percipitation of further cardiac decompensation, 
allowing detailed demonstration of the aortic root 
anatomy in several projections. 


“Reperfusion” arrhythmias after ST segment 
depression on ambulatory monitoring in 
stable angina 


GP Carboni, A Lahiri, PM M Cashman, 

EB Raftery 

Cardiology Department and Division of Clinical 
Sciences, Northwick Park Hospital, Harrow, 
Middlesex 
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The mechanism of arrhythmias that occur during 
and after episodes of transient myocardial ischaemia 
in man is unknown. In laboratory animals acute 
occlusion produces reentry, and reperfusion pro- 
cedures enhanced automaticity. To test the hypothe- 
sis that both of these mechanisms are operational in 
man, we studied 33 patients with stable angina and 
obstructive coronary artery disease who were taking 
only sublingual nitrates. 24 hour ambulatory mon- 
itoring showed 115 episodes of >1mm ST segment 
depression 80 ms from the J point lasting at least 
3 min. In 11 of these patients 40 episodes were asso- 
ciated with arrhythmias. The total number of epi- 
sodes was greater in the group with arrhythmias 
(6 (5) vs 2 (1), p € 0-001) as was the degree of duration 
of ST segment depression (2:8 (1-6) vs 1-9 (0-6) mm, 
18(15) versus 6(3); p «0 001). Serious arrhythmias 
(Lown 3-5) occurred only during ST segment 
depression and were closely related to severe asymp- 
tomatic and repetitive episodes. Arrhythmias occur- 
ring before and after peak ST segment depression 
were identified. Ventricular tachycardia occurred in 
three patients during the early phase of ischaemia 
and in the late phase in two. Ventricular tachycardia 
occurring during the early phase of ischaemia was 
associated with increased prodromal ectopic activity. 
'That occurring in the late phase was not. Late 
arrhythmias were more frequent (p«0-001) than 
early arrhythmias, with an increase in R on T ven- 
tricular extrasystoles. These differences suggest that 
reentry is responsible for early and enhanced auto- 
maticity for arrhythmias occurring in the late phase 
of ischaemia. 


Quantifying clinical judgement: the prediction 
of coronary artery surgical mortality 


I Graham, L Daly 
The Irish Cardiac Surgical Register Group, c/o 
Adelaide Hospital, Dublin, Ireland 


The Irish Cardiac Surgical Register is responsible 
for an independent evaluation of all open heart 
surgery performed on adults in the Republic of Ire- 
land. The purpose of the present study was to derive 
a simple index to predict in hospital mortality for 
coronary artery bypass surgery (CABS) based on 
simple factors available before angiography. The 
effect of invasive investigations on risk prediction 
was also investigated. Forward stepwise logistic 
regression was used to derive an additive risk score 
based on the 976 CABS procedures (mortality 3-3%) 
performed in 1983/1984. The ability of this-score to 
predict in hospital mortality was tested prospectively 
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on the 699 CABS procedures (mortality 3-794) per- 
formed in 1985. Of eight factors which appeared to 
predict increased mortality on univariate analysis, 
independent risk scores emerged as: age 260, 1; 
myocardial infarction in six weeks before operation, 
2; cardiomegaly, l; left ventricular failure, 174. 
When these were applied to the 1985 data the 
observed and predicted mortalities were 
respectively: score 0, 1:5% and 1%; score 1-2, 4-496 
and 3:695; score 2/5, 7 7% and 17-495. The addition 
of investigative data did not appreciably improve 
predictive ability. - 

Simple clinical measurements available to a gen- 
eral physician before invasive investigation can pre- 
dict the risk of in hospital CABS mortality. 


Thrombolytic treatment in acute myocardial 
infarction: the scope in a district general 
hospital 


J Jagger, RG Murray, EJ Flint, MK Davies, 

WA Littler 

East Birmingham Hospital, Bordesley Green East, 
Birmingham 


Despite the interest in thrombolytic treatment in 
acute myocardial infarction, it has been reported that 
only a small minority (14%) of patients considered 
for thrombolysis would be suitable. To determine 
the demand for such treatment in a district general 
hospital, data were collected for patients admitted 
with chest pain to our coronary care unit over a six 
month period. Of 197 patients with chest pain 131 
(67%) patients were proven to have acute myocardial 
infarction. Criteria for thrombolytic treatment 
included presentation within six hours of the onset of 
symptoms, ST elevation >0-2mV in two or more 
ECG leads, and age <70 years. Sixty seven (51%) of 
the 131 patients with subsequently confirmed acute 
myocardial infarction were eligible for thrombolysis. 
Criteria for thrombolysis were not fulfilled in 41 
patients with acute myocardial infarction: 17 (13%) 
presented later than six hours, 15(12%) failed to 
meet the ECG criteria, and 9(7%) were over 70 
years. A further 12 (9%) patients were excluded for 
cardiogenic shock, two patients had peptic ulcers, 
one patient had sustained an acute myocardial 
infarction two weeks before, and data from eight 
patients were lost. 

These results suggest that around 50% of patients 
with acute myocardial infarction and 34% of all 
patients presenting with chest pain would be suitable 
for thrombolytic treatment. These data do not sup- 
port the view that such.treatment may only be appli- 
cable to a small number of patients with acute myo- 
cardial infarction. 
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The role of verapamil with digoxin in atrial 
fibrillation: a physiological resetting of 
ventricular response 


KJ Hogg, R S Hornung, W S Hillis 
University Department of Materia Medica, Stobhill 
Hospital, Glasgow 


.The control of the ventricular response in atrial 
fibrillation may remain difficult despite therapeutic 
concentrations of digoxin and may require the addi- 
tion of a second drug. This study examines the 
kinetic and dynamic action of verapamil as second 
line treatment. Two different formulations were 
tested. Eleven patients (7 men and 4 women, mean 
age 60-4(4-5) yr) with an uncontrolled ventricular: 
response (heart rate 7 85 beats/min) despite steady 
state therapeutic digoxin (D) concentrations 
(0-8—2-:0 ng/ml) were studied. 24 hour heart rate 
profile was assessed by Holter monitoring and this 
confirmed a rapid ventricular response during active 
hours (97 (13-5) beats/min) with nocturnal slowing 
(68 (15) beats/min). Ventricular response to symp- 
tom limited exercise showed peak heart rate of 
161 (27) beats/min. Patients then entered a random- 
ised crossover study with verapamil (V) and vera- 
pamil slow release (VSR). Both verapamil formu- 
lations were effective in reducing the ventricular 
response during active hours (p « 0-002) with no fur- 
ther nocturnal slowing. Baseline subtraction of the 
heart rate response demonstrated superimposition of 
the heart rate profile, suggesting resetting of the 


baseline with an intact incremental response to activ- , 


ity. Exercise capacity was not increased but V and 
VSR reduced peak exercise heart rate by 21:59. The 
increment in heart rate (peak — baseline) was 
unaltered. The kinetic interaction produced only a 
minor rise in digoxin concentration from 1-28 (0-27) 
to 1:67 (0-6) on verapamil and to 1:51 (0-5) on vera- 
pamil slow release (NS). 

These results suggest that verapamil is a safe and 
effective second drug in atrial fibrillation. It resets 
the heart rate to lower levels without a reduction in 
the incremental rise on activity, allowing these 
responses to occur within a more physiological 
range. 


Obesity and the electrocardiographic 
diagnosis of left ventricular hypertrophy 

J M McLenachan, E Henderson, K I Morris, 

H J Dargie 

Cardiac Department, Western Infirmary, Glasgow 


Criteria for electrocardiographic diagnosis of left 
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ventricular hypertrophy (LVH) generally have high 
specificity but low sensitivity. It has been suggested 
that stratification of patients by age and sex will 
improve this sensitivity. We examined the influence 
of obesity on ECG diagnosis of LVH to determine 
whether knowledge of body build could further 
improve ECG performance for detection of LVH. 
Using sex specific upper limits of normal for left 
ventricular mass index derived from a control popu- 
lation, we found echocardiographic LVH in 61 of 
100 hypertensive patients. Sensitivity values for 
chest lead (CL) criteria (SV1 + RV5 > 35mm), 
limb lead (LL) criteria (net positivity in I + net 
negativity in III >17 mm), and Estes point scoring 
system were 59%, 39%, and 41% respectively, with 
specificity values of 92%, 90%, and 90%. Of these 
61 with LVH, 30 were obese as defined by weight 
> 120% predicted weight by age, sex, and height. 
Sensitivity values in this group were 40%, 60%, and 
33% respectively for CL, LL, and Estes; for non- 
obese hypertensive patients, equivalent values were 
7196, 19%, and 48%. Thus limb lead criteria are 
more sensitive for detection of LVH in obese 
individuals in whom cardiac axis is directed more 
horizontally. When different criteria were applied to 
the two groups (LL to obese and CL to non-obese 
hypertensives), ECG sensitivity for LVH rose to 
69% with specificity of 87%. 

‘Thus stratification of patients by body build can 
increase the sensitivity of the electrocardiogram for 
the detection of left ventricular hypertrophy. 


A comparison of atenolol and sotalol in the 
treatment of patients with paroxysmal 
supraventricular tachycardia 


PM Schofield, F Reid, D H Bennett 
Regional Cardiac Centre, Wythenshawe Hospital, 
Manchester , 


We compared the efficacy of sotalol (a f blocker with 
class III antiarrhythmic activity) and atenolol in a 
randomised crossover study of patients with fre- 
quent palpitation due to paroxysmal supra- 
ventricular tachycardia (SVT) (rate 142-231 
beats/min) who had not previously received f block- 
ers. Thirteen patients, aged 20-65 years, received 
treatment with atenolol (50 or 100 mg daily) for six 
weeks and sotalol (120 or 240 mg daily) for six weeks. 
Patients used hand held ECG recording devices to 
record the cardiac rhythm at the time of symptoms 
during each treatment period and the number, total 
duration, and mean duration of attacks of SVT were 
documented. Two patients had prolonged episodes 
of SVT while receiving atenolol and did not com- 
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plete this treatment period. Three patients had no 
symptoms during either treatment period. A further 
five patients were free of palpitations only while 
receiving sotalol and one patient only during treat- 
ment with atenolol. The number of episodes of SVT 
was significantly lower during treatment with sotalol 
(median 0, range 0-22) than with atenolol (2, 0-26) 
(p<0-05). During treatment with sotalol the total 
duration of SVT (0min, 0-55 min) and the mean 
duration of each episode (0min; 0-3-5 min) were 
significantly lower than with atenolol (45min, 
0-390min) (p-0-01) and 6min, 0-195 min 
(p 20-02) respectively. 

In patients with paroxysmal SVT treatment with 
sotalol results in better control of symptoms than 
treatment with atenolol. 


Use of amiodarone to maintain sinus rhythm 
after cardioversion for atrial fibrillation 


EJ Ladusans, D Holt, P V L Curry 
Cardiac Department, Guy's Hospital, London 


To assess the efficacy of amiodarone in maintaining 
sinus rhythm after DC cardioversion for atrial 
fibrillation (AF), 11 consecutive patients who 
relapsed into AF after an initially successful primary 
cardioversion to sinus rhythm were given amio- 
darone before a second DC shock. AF was secondary 
to cardiomyopathy in five, to rheumatic heart disease 
in four, and idiopathic in two. These patients form 
part of a continuing prospective study; so far 30 
patients have undergone primary cardioversion. 
Amiodarone was given in an initial dose of 200 mg 
three times a day for one week and 200 mg twice daily 
thereafter until the measured plasma concentration 
was in the range 1-1:5ug/ml before the second 
cardioversion. Amiodarone was continued after 
successful cardioversion in an average maintenance 
dose of 200mg daily. Two patients reverted 
spontaneously to sinus rhythm after starting amio- 
darone (plasma concentration 1:0 and 1-2 ug/ml). In 
two patients amiodarone had to be discontinued 
before a second cardioversion could be performed; in 
one because of a rash and in the other because of a 
junctional bradycardia. The mean (SD) duration of 
sinus rhythm after the primary cardioversion was 
1-5(1-3) months, and 5-8(4-9) months after amio- 
darone four remain in sinus rhythm (follow up 1-14 
months). 

We conclude that amiodarone is effective in pro- 
longing the duration of sinus rhythm after repeat DC 
shock in those patients with AF who relapse after 
successful primary cardioversion. Toxicity may limit 
its usc, however. 
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Sexual dysfunction before and after 
coronary artery bypass surgery 


C Bass, F Akhras, J Upward, J Keates, G Jackson 
Cardiac Department, King's College Hospital, 
London 


Eighty eight patients (78 men) were prospectively 
studied befare and 12 months (n — 81) after coro- 
nary artery bypass surgery. They were asked about 
the presence of sexual dysfunction at both inter- 
views. Twelve (1495; 11 men) reported sexual dys- 
function before operation. Nine reported erectile 
difficulties and another three (one woman) loss of 
sexual desire. Thirty four (39%) patients had not 
engaged in sexual relations for at least six months 
before operation and the remaining 42 (48%) 
reported no sexual difficulties. The duration of pre- 
operative anginal symptoms was shorter in the 12 
patients with problems than in those without sexual 
problems (26(7-5) months vs 48:5 (5:8), p « 0-05), 
but there were no other significant differences in 
other physical or psychological variables. All those 
with sexual problems before operation continued to 
have similar difficulties 12 months afterwards. Only 
two patients reported sexual problems precipitated 
by operation. 

We conclude that before operation 1 in 7 patients 
had sexual dysfunction severe enough to prevent 
intercourse. Only rarely does operation have any 
adverse effect on sexual function. It does not amelio- 
rate established sexual problems, however. Specific 
counselling should be routine before and after car- 
diac surgery. 


Magnetic resonance blood flow patterns in the 
human aorta 


RH Klipstein, D N Firmin, S R Underwood, 
RSORees, D B Longmore 
Magnetic Resonance Unit, Britten Street, London 


Magnetic resonance velocity mapping  non- 
invasively produces two dimensional profiles of 
blood velocity and provides potentially important 
information on function. This study defines normal 
profiles in the ascending aorta and descending aorta 
in man. Maps of the craniocaudal component of 
blood velacity were obtained in 12 healthy volun- 
teers in a transverse planc 5cm above the aortic 
valve, through which the ascending and the 
descending aorta passed perpendicularly. Cine 
images were acquired with a temporal resolution of 
50 ms and a pixel size of 1-8 x 1-8 mm. In all subjects 
plug flow occurred during systole, but the ascending 
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aortic velocity profile was skewed. Turbulent flow 
never occurred. Mean (SD) duration of plug flow 
was 117(26)ms in the ascending aorta and 
126 (22) ms in the descending aorta. During diastole, 
blood was not static, but circulated within the 
ascending aorta, with forward flow at the ante- 
rolateral wall and reverse flow at the posteromedial 
wall. A similar pattern was seen in the descending 
aorta. 

These results demonstrate a highly consistent but 
complex pattern of aortic blood flow in health. Dur- 
ing diastole, channels of forward and reverse flow 
occur in the same vessel. 


An objective method for assessing right ven- 
tricular systolic and diastolic function in 
patients with coronary artery disease 


EA Rodrigues, I M Al-Khawaja, A Lahiri, 

EB Raftery 

Department of Cardiology, Northwick Park Hospi- 
tal and Clinical Research Centre, Harrow, Mid- 
dlesex 


Gated blood pool angiography (GBPA) has been 
widely used to arrive at sophisticated indices of left 
ventricular function, but assessment of right ventric- 
ular (RV) function has been limited to measurement 
of the ejection fraction (EF). We have developed an 
automated method for assessing RV function from 
GBPA with technetium-99m and the technique has 
been used to study 40 normal subjects and 30 
patients with chronic stable angina. ECG gating was 
used to collect data in 32 frames/cardiac cycle with 
5% gate tolerance. A second derivative method of 
edge detection was used to define the RV contour 
and to delineate tricuspid and pulmonary valve 
planes in each of the frames by local threshold meth- 
ods. A high resolution time-activity curve was then 
obtained and a first derivative sample was generated 
to identify the points of peak filling and emptying. 
The mean (SEM) normal resting values were: EF 
44 (1:4)95, ejection rate (ER) 1:5 (0:06) EDV/s, ejec- 
tion time (ET) 310(7) ms, peak filling rate (PFR) 
2:0(0-08) EDV/s, time to peak filling rate (TPFR) 
180 (10) ms, filling fraction (FF) 0-5(0-04). In the 
patients the values were: EF 42(1:8) (p = NS), ER 
1-2 (0-06) (p < 0-005), ET 360 (10) (p «0-001), PFR 
1:8(0-09) (paNS), TPFR 152(12) (p=NS), FF 
0-5 (0-02) (p 2 NS). Exercise EF was similar 1n both 
groups but exercise ER, ET, and PFR were 
significantly higher in normal subjects (p «0-001, 
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p«0:001, p « 0-02 respectively). The reproducibility 
of the technique was good (r = 0:95; p < 0:002). 

RV function can be usefully and reproducibly 
assessed from GBPA, and ER and ET may be more 
sensitive indices for assessing RV systolic function 
tban just EF alone. 


The echocardiographic Doppler description 
of pericardial prostheses and the potential in 
Jong term follow up 


P Nihoyannopoulos, R À Foale, Gillian C Smith, 
Celia M Oakley, K M Taylor 

Hammersmith Hospital, Royal Postgraduate 
Medical School, London 


Forty two consecutive patients who underwent valve 
replacement with a bovine pericardial xenograft 
(PX) were prospectively studied by cross sectional 
echocardiography and colour Doppler flow mapping 
to evaluate the potential of the technique for long 
term follow up and early detection of PX dys- 
function. Twenty patients had aortic valve replace- 
ment (AVR), 17 had mitral valve replacement 
(MVR), and five had AVR and MVR valve replace- 
ments. Doppler-echocardiographic studies were 
performed immediately after operation, at 6 months, 
and then every year. During a follow up lasting 2 
months to 4 years (mean 3:2 years) details of PX 
leaflet motion were recorded and PX leaflet thick- 
ening and orifice area were measured. In most (86%) 
patients the PX leaflet motion was symmetrical, 
leaflet thickness measured 1—4mm, and eccen- 
tricities in appearance were common. There was no 
significant change in leaflet configuration between 
studies. These appearances were associated with 
normally functioning PX. Three patients had early 
prosthetic endocarditis that was treated successfully. 
Flow mapping Doppler demonstrated laminar flow 
across all PXs and a mild PX leak in two patients 
with MVR and one with AVR. Peak velocities across 
all PXs were similar to those of normal native valves. 
Mitral valve orifice areas of PX were similar in size 
to the prosthesis implanted. 

Over short follow up, unchanged leaflet 
configuration and function implies satisfactory PX 
function and serial studies to detect changes from 
baseline may help to identify promptly PX leaflet 
degeneration. The real time display of the aortic or 
mitral regurgitant jet seems greatly to facilitate this 
application of colour Doppler flow mapping and is a 
valuable adjunct to the non-invasive assessment 
of PX. 
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Myocardial architecture of right ventricular 
hypertrophy 


RA Greenbaum, D G Gibson, MH Yacoub, 
RH Anderson 

Harefield Hospital, Brompton Hospital, and 
Cardiothoracic Institute, London 


Normal ventricles show pronounced regional vari- 
ations in structure. The purpose of the current study 
was to identify the architectural features of right 
ventricular hypertrophy. Six hearts were studied 
from patients with primary pulmonary hypertension 
undergoing heart lung transplantation. Ventricular 
architecture was studied by inspection of the orien- 
tation of superficial fibres and dissection to show 
structure within the wall. There were major 
departures from normal anatomy. The acute margin 
was about 40% longer than the obtuse margin. The 
right ventricular vortex was considerably enlarged 
and formed the apex. The septum “belonged” to the 
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right ventricle and bulged into the left ventricular 
cavity. There were changes in muscular fibre orien- 
tation. The uppermost fibres on the acute margin ran 
longitudinally; further down they passed more 
obliquely and on to the sternocostal aspect. The 
lowermost fibres formed the apex. The wall of the 
right ventricle was thickened, chiefly due to the pres- 
ence of a well developed middle layer of fibres, which 
were absent in the normal heart. On the 
diaphragmatic aspect these fibres ran circum- 
ferentially to the inlet long axis: the orientation 
altered on the acute margin so that on the sterno- 
costal aspect they came to lie circumferentially to the 
outlet long axis. The middle layer was best devel- 
oped towards the base. The subendocardial fibres 
were longitudinal on the diaphragmatic aspect. In 
the infundibulum they were circumferential: on the 
sternocostal aspect they had various orientations. 

These differences from normal architecture pro- 
vide an anatomical basis for the high systolic pres- 
sure generated by the right ventricle in primary 
pulmonary hypertension. 


Correspondence 


Br Heart F 1987;57:109-10 





Heart rate variability in healthy subjects: effect of age 
and derivation of normal ranges for tests of 


antonomic function 


Sir, 

'The study on the effect of age on heart rate vari- 
ability in normal subjects by O’Brien et al (1986555: 
348-54)! deserves comment. 

(a) The confidence limits obtained are lower than 
in previous studies. This is attributed to the larger 
number and more uniform age distribution of the 
subjects. Differences in selection criteria and test 
procedures are, however, another explanation. More 
information should, therefore, be provided on the 
subjects and test conditions such as values for rest- 
ing heart rate, supine blood pressure, the time of the 
day the experiments were performed, and the intake 
of coffee and cigarettes before the experiments.! 

(b) Information is not given on the period of 
supine rest before the patient stood up. This is an 
important omission since we have shown that the 
duration of rest before standing has a profound 
(20-40%) influence on the magnitude of the initial 
heart rate response induced by standing up.? * 

(c) The instant at which the initial peak heart rate 
increase evoked by standing up was observed by 
O’Brien et al seems to have occurred earlier than we 
found in our studies.? 3 > This is not surprising since 
the recording was not started at the onset of standing 

-up,? but at the moment the subject became erect. 
The latter procedure is not correct from a phys- 
iological point of view.? 

(d) I agree that cardiovascular autonomic func- 
tion should be assessed by a combination of tests and 
that the establishment of normal ranges in relation 
to age is also 1mportant. But ultimately an under- 
standing of the physiological mechanisms involved 
is the most important factor.? ? 6 

Unfortunately, O’Brien et al leave us with much 
numerical information, but little physiological inter- 
pretation. 


W Wieling, 

Department of Medicine, 
Academic Medical Centre, 
Meibergdreef 9, 

1105 AZ Amsterdam, 

The Netherlands. 
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This letter was shown to the authors, who reply as 
follows: 


Sir, 

We are grateful for Dr Wieling’s comments but feel 
that he may have misinterpreted the purpose of our 
study: this was to provide a practical and reliable 
basis for the detection of impaired heart rate vari- 
ability, not a physiological interpretation of our 
tests. These are used widely in routine clinical prac- 
tice under uncontrolled conditions. We choose, 
therefore, to investigate normal subjects under simi- 
lar circumstances, not under carefully controlled 
laboratory conditions. Heart rate variability is sub- 
ject to a host of environmental, psychological, and 
neurohormonal influences that all contribute to the 
large coefficients of variation observed with these 
tests.! ? 
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Subjects were tested between 0 am and 5 pm. 
Resting heart rate was recorded after 5-10 minutes 
of supine rest and only when the usual initial 
fluctuations in heart rate had subsided. No 
restrictions were imposed on consumption of coffee 
or cigarette smoking. While this may have 
influenced the results, so may other factors such as 
the time from the last meal, anxiety level, room tem- 
perature, etc, etc. All subjects were supine for 10-20 
minutes before standing, thus it is unlikely that the 
results would be spuriously low.? It is unrealistic to 
expect the timing of peak heart rate on standing to 
occur within a narrow range in 500 subjects. Our 
only comment on the latency of the heart rate 
changes on standing was that they are not accurately 
represented by the 30:15 ratio. 


I A D O'Brien, 
RJ M Corrall, 


Notices 


British Cardiac Society 


The Annual General Meeting for 1987 will take 
place in Dundee on 8 and 9 April 1987, and the clos- 
ing date for receipt of abstracts will be 6 January 
1987. 

The Autumn Meeting will be held at the Wem- 
bley Conference Centre, London, on 24 to 26 
November 1987, and the closing date for receipt of 
abstracts will be 10 July 1987. 
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Bristol Royal Infirmary, 
Bristol BS2 8HW. 
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Electrocardiology 


The 14th International Congress on Electro- 
cardiology will be held in East Berlin on 17 to 20 
August 1987. Details from: Dr Peter W Macfarlane, 
University Department of Medical Cardiology, 
Royal Infirmary, 10 Alexandra Parade, Glasgow 
G31 2ER, Scotland. 
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whom communications, proofs, and requests for 
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Summary 
OA summary (excluding statistical analyses) is 
typed double spaced on a separate page. 


(JThe summary is substantive rather than purely 
descriptive. 


[lAbbreviations other than standard units of mea- 
surement are not used. 


Text 

L]Abbreviations or acronyms are always written out 
in full (for example, ECG, electrocardiogram; 
LVH, left ventricular hypertrophy; CAD, coro- 
nary artery disease, MI, myocardial infarction). 


LIOnly units of measurement and mathematical for- 
mulas and calculations are abbreviated and they 
follow the form recommended in Uniform Re- 
quirements for Manuscripts Submitted to Biomedical 
Journals (Br Heart F 1984; 51: 1-6). 


LlAppropnrate headings and subheadings are pro- 
vided. 


LIEvery reference, figure, and table is cited in the 
text in numerical order. (Order of mention in text 
determines the number given to each.) 


L]Acknowledgments and details of support in the 
form of grants, equipment, or drugs are typed at 
the end of the text, before references. 


References 

L]References are identified in the text by arabic nu- 
merals; no more than three references are cited for 
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(References are typed double spaced on sheets sep- 
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Vancouver style. 


(Journal references contain inclusive page numbers; 
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Citations of abstracts and letters should be indi- 
cated in parentheses. 


L]Personal communications, manuscripts in prepa- 
ration, and other unpublished data are not cited in 
tbe reference list but are mentioned in the text in 
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LjAbbreviations of journals conform to those used in 
Index Medicus, US National Library of Medicine. 
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Journal: (list all authors if six or less; otherwise 
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after authors’ initials) 
31 Balcon R, Brooks N, Layton C. Correlation 
of heart rate/ST slope and coronary angio- 
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28 Schiebler GL, Van Mierop LHS, Krovetz 
LJ. Diseases of the tricuspid valve. -In: 
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Williams and Wilkins, 1968: 134—9. 
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549-63. 


Figure legends 

(Figure legends are typed double spaced on sheets 
separate from the text, and figure numbers corre- 
spond with the order in which figures are 
presented in the text. 


LJAIn abbreviations appearing on the figures are 
identified at the end of each legend. 


OWritten permission from the publisher and author 
to reproduce any previously published figures is 
included. 


Figures 

LIT wo sets of unmounted glossy prints (not origi- 
nals) of each photograph and drawing are submit- 
ted in two separate envelopes. 


(Figures, particularly half tones and ECG tracings, 
have been submitted with the following guidelines 
in mind: the detail on the figure is sufficiently clear 
to withstand reduction; the maximum width for 
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column figures 14 cm or 5%” maximum; and spe- 
cial features are designated by arrows. 


(Black ink is used for all line drawings. Decimals, 
lines, etc must be strong enough for reproduction. 


OThe first author's last name, figure number, and 
**top" are indicated on the back of each illustration 
in light black pencil, preferably on a gummed 
label. 


L]Figure title and caption material appear in the 
legend not on the figure. 


L]Figures are limited to the number necessary for 
clarity. (Estimates for colour work will be pro- 
vided on acceptance of the manuscript for publica- 
tion. All costs of colour printing will be charged to 
the author(s).) 


Tables 

CT ables are typed double spaced on separate sheets 
with the table number and title above the table and 
explanatory notes below. The table numbers are 
arabic and correspond with the order in which the 
tables are presented in the text. 


OA footnote to each table identifying all abbrevi- 
ations used is provided. 


CT ables are self-explanatory, and the data are not 
duplicated in the text or figures. 


(Written permission from the publisher and author 
to reproduce any previously published tables is 
included. 
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Electrocardiography then and now: where next? 


DENNIS M KRIKLER 


From the Division of Cardiovascular Disease, Royal Postgraduate Medical School, Hammersmith Hospital, 


London 


When the Cardiac Society of Great Britain and 
Ireland met for the first time its initial task was to set 
up a committee to define the best location for a single 
chest electrocardiograph lead. The recommen- 
dations were agreed with the American Heart Asso- 
ciation and a joint report was published in both 
countries and republished in the first issue of the 
British Heart Journal! At that time the electro- 
cardiograph was the specialised investigation in car- 
diology; indeed it was the first clinical tool to 
become an essentia] component of cardiac practice 
since the introduction of the stethoscope, ophthal- 
moscope, and sphygmomanometer. An indication of 
its importance is its predominance in the first vol- 
ume of the British Heart Journal, published in 1939. 
Of the 23 original articles that appeared that year, 
the electrocardiograph was the topic, or an 
important feature, in 12. Its importance remains 
undiminished. As Fisch has reminded us?: it is a 
non-invasive technique that does not harm the 
patient; it is inexpensive, simple, and reproducible; 
it permits serial studies to be made; and provides the 
only practical means of recording the cardiac action 
potential. It has several other virtues: it provides an 
independent marker of myocardial infarction, and 
enables one to undertake complex  electro- 
physiological analysis through deductive reasoning. 

Fifty years before the transformation of the Car- 
diac Club into the British Cardiac Society, Augustus 
Desiré Waller recorded the first electrocardiogram 
in man, using a Lippmann capillary electrometer.? 
Though this technique was impracticable for clinical 
use, this observation led to the introduction by 
Einthoven of his string galvanometer as a clinical 
instrument.* This aspect is more fully discussed by 
Howard Burchell on page 190 of this issue. Once 
Einthoven had established the basis, he selected the 
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Cambridge Scientific Instrument Company of 
England as the original manufacturer.? 

Much of the early work on the interpretation of 
electrocardiograms was carried out by Sir Thomas 
Lewis in London. Though not the first book on the 
subject, Lewis’s was most influential; and the third 
edition of his The Mechanism and Graphic Regis- 
tration of the Heart Beat remains a comprehensive 
testament to the excellence of his work.” Lewis’s 
researches on electrocardiography ended by 1923, 
though W H Craib carried out electrocardiographic 
research 4n his laboratory for another couple of 
years.? Sir Thomas took little direct interest in this 
work, and it came to a halt after Craib had important 
disagreements with a number of established auth- 
orities, notably Lord Adrian.? 


The end of the Lewis era 


Why did Lewis discontinue his research interests at 
that stage? It is widely thought that he gave them up 
because he grew tired of tackling the kinds of ques- 
tions the instrument could answer and longed for the 
adventures suggested by his own mind.!? Drury!! 
gave two reasons: Lewis felt that a problem should 
not be taken up unless it could be carried through; 
otherwise the researcher would only “‘foul the nest”. 
He also believed that if one had the capacity “one 
should try and skim the cream off the milk and leave 
the skim to others". Lewis's own earlier comments, 
however, suggested that, at the age of 43, he had 
become weary of being tied to an elaborate instru- 
ment and that he had come to the natural end of his 
studies on the disordered action of the heart.!? Par- 
oxysmal tachycardia eluded him because it could not 
then be produced experimentally, and he had great 
intuition in foreseeing what problems a certain 
method was capable of solving. Certainly intra- 
cardiac electrography and programmed stimulation 
later provided the tools to explain arrhythmias, very 
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much in the terms that he had already predicted. 
Lewis had never explored the importance of the 
electrocardiograph in the study of ischaemic heart 
disease, nor did he do so in the next few years, when 
the early observations of Pardee!? were extended 
and further analysed, especially by Levine.!* 

British cardiologists stepped back from greater 
involvement in research in electrocardiography at 
the very time when others, notably David Scherf,'* 
then of Vienna, and Lewis's own good friend and 
fellow bird-watcher, Frank N Wilson, of Ann 
Arbor, Michigan, were enhancing its dimensions. 
Wilson recognised the dependence of his dipole the- 
ory on the basic work of Craib,? who had called the 
same phenomenon “the doublet" a few years ear- 
lier.! But many papers from British institutions 
appeared, covering a host of aspects. To take two 
examples of such groups, both Wood and Selzer!? 
and Evans!? took a practical interest in electro- 
cardiography. Both groups strongly favoured the 
use of specific bipolar (CR) chest leads, but Wilson's 
unipolar chest leads gradually prevailed—though as 
late as 1939 he was a co-signatory to the recommen- 
dation of a single bipolar chest lead.! 

When the Cardiac Society was established the 
electrocardiograph was either hospital based or used 
in the consulting room. The development of por- 
table apparatus, battery operated in some cases, 
allowed it to be taken to the patient's home. 'This 
was at first somewhat impractical because the photo- 
graphic recordings had to be developed, though with 
some machines this could be done on the spot.?? 
'The first direct-writing units were becoming avail- 
able (not always with enhancement of the quality of 
the tracings) but they only became more widely used 
from 1950 onwards. 


Newer applications 


At this stage the electrocardiograph had achieved 
considerable practical value in the diagnosis of car- 
diac ischaemia, notably myocardial infarction, and 
simple exercise tests aimed at reproducing angina 
and displaying ST segment changes had been intro- 
duced.*! Arrhythmias could be diagnosed only on 
recordings made at the time of an attack—long term 
ambulatory tracings were yet to come. Conduction 
defects were better defined—the patterns of right 
and left bundle branch block were now correctly 
appreciated and the misunderstandings based on 
earlier observations in canine studies had long been 
rectified??— but the significance of conspicuous left 
or right axis deviation as possible markers of 
impaired conduction in the left bundle branch sys- 
tem was not yet recognised.?? The principles of vec- 
torcardiography, a technique which never achieved 
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widespread independent application, had an 
important impact on this aspect of electro- 
cardiography. : 

Parkinson was among the original authors of 
the classic paper on pre-excitation?* though an 
earlier case, the first ever reported, also exemplified 
Anglo-American collaboration.?* British electro- 
cardiographers were well aware of the pattern of the 
Wolff-Parkinson-White syndrome.? Criteria for 
ventricular hypertrophy were still to be established 
though the studies of Wood and Selzer!? had led to 
tentative answers. The intricate analysis of the elec- 
trocardiogram, to which Lewis had paid so much 
attention, received further consideration elsewhere 
and concepts such as concealed conduction, aberra- 
tion, and overdrive suppression that can be 
identified in Lewis’s early writings were amplified 
by workers :n other countries. Many of them were 
continental cardiologists who had emigrated to the 
United States to escape persecution. Àmong those 
who made their home in Britain were Adolf Schott, 
who collaborated closely.with Scherf,?" and Cor- 
nelio Papp, a former assistant editor of the British 
Heart Journal. They played a crucial role in the 
teaching of electrocardiographic advances. 


Intracardiac electrocardiography and 
electrophysiological testing 


Intracardiac electrocardiography was first carried 
out in France during the second world war? and 
extended over the next two decades in the Nether- 
lands.?? The first clinical intracardiac recording of 
activity of the bundle of His was, however, reported 
from Dundee in 1967.?? Once the techniques had 
become refined and standardised,*! intracardiac 
electrography and programmed electric stimulation 
of the heart proved to be valuable research tools with 
wide application to the study of arrhythmia and con- 
duction disturbance (linked with the development of 
cardiac pacemaking).?? ?? So where do we stand on 
these and related issues now, more than 15 years 
after programmed stimulation became generally 
available? 

Originally it seemed likely that intracardiac 
recording techniques would prove helpful in the 
diagnosis of those at risk of sinoatrial or advanced 
atrioventricular block; however, they have served to 
point the way rather than precisely to define those 
likely soon to need pacemakers. None tbe less, 
knowledge from such studies has added to the gen- 
eral body of information, including that based on 
sound history taking and identification of lesser 
degrees of conduction impairment on the electro- 
cardiogram, and this has helped to restore decision- 
making to the clinician.?^?? Tests of sinus node 
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performance—for example overdrive pacing of the. 


atrium in order to assess sinus node recovery time or 
measurement of conduction between stimulated 


atrium and the sinus node—have enhanced our 


knowledge of sinus node behaviour and established 
the relatively benign prognosis of pure sinus node 
block: however, this technique usually only 
identifies patients in whom the disorder could other- 
wise be detected more simply.°® Epidemiological 
studies have aided us in focusing on population 
groups who are more susceptible to sinus node dis- 
ease and on the prognosis in atrioventricular 
block.?" The electrophysiological discrimination 
between carotid sinus hypersensitivity and sinus 
node disease has, however, proved elusive.?9 The 
overlap between these two entities may well be 
responsible for such difficulties. 


Antiarrhythmic agents 


Reentrant atrioventricular tachycardias, whether 
intranodal or associated with an accessory atrio- 
ventricular pathway, have provided.a rich harvest 
for electrophysiological investigators. The clinical 
value of such studies is already demonstrable in 
those few patients who may need invasive treat- 
ment,?? which now includes antitachycardia pacing 
devices or surgical or endocavitary ablation;of nor- 
mal conducting tissue or an-accessory^pathiway. 
Much has been gleaned of pharmacological values. 
It has been possible, for example, to demonstrate 
that the atrioventricular node is the site of action 
when such arrhythmias are terminated by calcium 
antagonists," and thus to corroborate hypotheses 
` based on knowledge of the cellular properties of 
such agents and on electrocardiographic findings.*! 
Indeed it has been possible to discriminate between 
electrophysiologically active calcium agents and 
those that lack such properties at the clinical level,*? 
but prediction of prophylactic value has also been 
elusive. Again, empirical observations have added to 
the knowledge that enables us to choose agents on a 
clinical basis—a term that includes the use of the 
surface electrocardiogram. 

Electrophysiological studies have also improved 
the diagnosis of such arrhythmias. Wellens, in par- 
ticular, has shown how programmed stimulation has 


generated important information that has enhanced 


the level of electrocardiographic analysis of arrhyth- 
mias.*> Thus in most patients with paroxysmal 
atrioventricular tachycardia, electrophysiological 
study can be withheld unless standard medical man- 
agement fails, and precise knowledge of the anatomy 
of the atrioventricular connection, including its 
location and the possibility of multiple links,** is 
required before the use of a pacing device, ablative 
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. technique, or surgical operation is considered. But 


this is not to deny the relevance of including ques- 
ı tions of research importance when performing such 
studies. We need to know more about atrio- 
ventricular nodal function and whether the dual 
nodal pathways that are responsible for arrhythmias 
have an undiscovered anatomical basis or represent 
derangements of physiological function—perhaps of 
an interplay between autonomic factors, neu- 
ropeptides, and purines.*5 
Such studies are also needed to explain the basis 
.for operations on the surface of the atrioventricular 
node that appear to prevent such arrhythmias*® and 
thus to answer the important anatomical question 
that has never been resolved to the satisfaction of all 
workers—are such arrhythmias purely intranodal or 
is adjacent atrium an essential component of the 
circuit?^? 4? 


Ventricular arrhythmias 


Supraventricular tachycardias are straightforward 
compared with the questions prompted by ventricu- 
lar arrhythmias and the resuscitation of those who 
had apparently dropped dead. There is much con- 
tention as to whether groups at risk of sudden death 
are reliably defined and their prognosis improved by 
electrophysiological testing.*? Criteria for standard- 


‘ised testing in ventricular arrhythmias have been 


defined and agreed.*°. These rules can be followed 
by others, but the question that remains 
unanswered, after more than a dozen years of world- 
wide investigation, is the value of electro- 
physiological testing in this condition and in 
choosing appropriate medications to prevent ven- 
tricular tachycardia.5! 5? In other conditions we can 
rely more on the electrocardiogram and at least test 
"its.ability to teach us the essentials. Its potential use- 
fulness in discriminating among patients who have 
right ventricular abnormalities, that is between 
those with a benign prognosis and those at risk of 
arrhythmia and possible sudden death, is intrigu- 
ing.5? The additional presence of visible late poten- 
tials in the surface electrocardiogram of some of 
these cases may well link up with related obser- 
vations after acute myocardial infarction.** 


Back to the electrocardiogram 


The electrocardiogram—one hundred years old—is 
indeed a classic,” though not in the clinical form that 
we know. The string galvanometer and its succes- 
sors have been cardiological tools for 80 years and 
the subject of fundamental contributions to the Car- 
diac Club, British Cardiac Society, and British 
Heart Journal, and, more extensively, to other 
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learned societies and publications throughout the 
world. Interestingly, however, the basic principles 
are little different from those used by Sir Thomas 
Lewis. He might have been surprised that there was 
more to be learnt, and gratified that serious workers 
in this field still consult his writings’ before 
describing apparently new disorders of rhythm or 
conduction.?5 
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Increased cardiac electrical instability concomitant 
with pacing induced repolarisation abnormalities 
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SUMMARY The relation between the occurrence of repolarisation abnormalities after right ven- 
tricular pacing and spontaneous arrhythmias was investigated in 16 patients in whom the sick 
sinus syndrome was suspected. All patients had normal QRS complexes and T waves in the 
electrocardiogram before pacing and required atrial stimulation and His bundle recording for 
diagnostic purposes. Patients were randomised into a study group or a control group. In the eight 
patients in the study group right ventricular pacing was perfarmed for 12 hours, and was followed 
by inversion of the T wave in surface leads II, III, aVF, and V2-V5 and lengthening of the QTc 
interval. The frequency and complexity of ventricular arrhythmias increased after pacing in six 
patients who had ventricular extrasystoles in the baseline Holter recording. As the configuration 
of the T wave became normal the frequency of ventricular extrasystoles returned to baseline 
values. In the control group of eight patients ventricular pacing was not performed after the 
electrophysiological study and no changes were seen in T wave configuration and in the frequency 
of spontaneous arrhythmias. 

"These results suggest that the post-pacing repolarisation abnormalities reflect abnormal elec- 
trical properties of the ventricle and that in some cases they lead to increased electrical instability. 


Abnormal ventricular depolarisation causes abnor- 
mal repolarisation which is manifested as T wave 
abnormalities. Transient abnormal repolarisation 
may be seen after the recovery of normal intra- 
ventricular conduction in patients with intermittent 
left bundle branch block,’ temporary right ventricu- 
lar pacing? or intermittent. ventricular pre- 
excitation.* > Rosenbaum etal® described the time 
course of T wave inversion after ventricular pacing 
and suggested that electrotonic modulation is 


responsible for the altered repolarisation that fol- ~ 


lows anomalous activation and that “accumulation” 
and “memory” of the new properties occur; these 
were said to account for the persistence of the 
repolarisation abnormalities. 
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The clinical significance of these post-pacing ` 
abnormalities of repolarisation is still controversial. 
A possible relation to myocardial ischaemia was pro- 
posed initially; however, these abnormalities also 
occur in the absence of coronary artery disease. 
Electrical stimulation of the myocardium induces 
profound alterations of the electrical properties 
within the stimulated area,’ ë and unequal recovery 
of the cardiac muscle increases vulnerability to 
arrhythmias.’ +° 

We have investigated whether the frequency of 
spontaneous arrhythmias changed during the 
repolarisation abnormalities caused by a period of 
right ventricular pacing. 


Patients and methods 


PATIENTS 
We studied 16 patients (nine men and seven women; 
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mean age 57 years, range 43—68 years). They were 
randomised into a study or a control group (eight 
patients in each group). In all of them sinus node 
disease was suspected on the basis of repeated epi- 
sodes of bradycardia and was the indication for an 
electrophysiological study. The electrocardiogram 
showed normal ventricular activation and 
repolarisation in all patients before the study. The 
axis of the QRS complex in the frontal plane lay 
between 0° and 90°. Coronary artery disease was 
excluded on the basis of history, clinical obser- 
vation, resting and exercise electrocardiogram, and 
24 hour Holter recording. Coronary angiography 
was performed in seven patients and was normal in 
all. In 10 patients (six in the study group and four in 
the control group) a 24 hour Holter recording 
showed ventricular extrasystoles of variable fre- 
quency, which were not symptomatic. 

All patients gave informed written consent to the 
study including the invasive procedure and the 
stimulation period after the diagnostic electro- 
physiological study. 


STIMULATION PROTOCOL 

The diagnostic electrophysiological study, including 
the His bundle recording, was performed in both 
groups. 

After the diagnostic procedures had been com- 
pleted in the patients in the study group a bipolar or 
tripolar electrode catheter was advanced to the apex 
of the right ventricle to a position with a stimulation 
threshold of between 0-5 and 1:0mA. A Medtronic 
programmable stimulator (model 5325) was used to 
deliver stimuli. Square wave pulses lasting 2ms 
were given at twice diastolic threshold. The lowest 
possible pacing rate that ensured constant ventricu- 
lar capture (between 70 and 90 beats/min) was used. 
Pacing was started at 8 pm and was continued for 12 
hours in all patients. The lower cardiac rate during 
the night permits ventricular pacing at low rates. In 
the control group electrode catheters were with- 
drawn after the electrophysiological study, and elec- 
trocardiographic recordings and Holter monitorings 
were performed in the same way as in the study 


group. 


ELECTROCARDIOGRAPHIC RECORDINGS 

Electrocardiograms were recorded at a paper speed 
of 100 mm/s and high amplification (50 mm/mV) by 
means of an optically isolated polygraph (Hewlett 
Packard 4578 A). Electrocardiograms were obtained 
before and immediately at the end of the pacing 
period during the return of spontaneous sinus 
rhythm and 1, 2, 4, 6, and 12 hours after the end of 
pacing. Further electrocardiograms were recorded 
every 12 hours until the pacing induced 
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repolarisation abnormalities disappeared. We mea- 
sured the ventricular gradient in the frontal plane 
from the QRS and ST-T areas in leads I, II, III, 
and in single precordial leads (V3 and V4). The val- 
ues given are the mean of five complexes. Planimetry 
of the tracings was performed with a Kontron com- 
puter. The area from the beginning of the QRS to 
the J point and that from the J point to the end of the 
'T wave were regarded as the QRS and T areas. The 
mean electric axis and measured area of the ventric- 
ular gradient in the frontal plane were derived 
according to the rules described by Ashman and 
Byer.!! Values for the QT interval were obtained by 
averaging the values of five beats on the three stan- 
dard leads. We used Bazett's formula to correct the 
QT interval for heart rate.!? Continuous 24 hour 
Holter recordings were obtained with an Avionics 
model 1445/B two channel recorder for (a) the day 
before pacing, (b) after the end of pacing, and (c) 
when the repolarisation abnormalities had 
unequivocally disappeared. Tape recordings were 
analysed by the same staff, using a Del Mar Avionics 
Trendsetter model DCG VII Dynamic Electro- 
cardioscanner. The following data were measured 
for each patient: the total number of heart beats in 
the 24 hours, the highest and the lowest heart rates 
per minute, the frequency of ventricular extra- 
systoles in 24 hours, or of "complex" ventricular 
arrhythmias (couplets, runs of ventricular tachy- 
cardia). All recordings were started at 9 am. In some 
patients we also used direct electrocardiographic 
recording (Hewlett Packard 4700 A Pagewriter) to 
assess the hourly frequency of ventricular extra- 
systoles throughout the observation period. In all 
patients the results were similar to those obtained 
from Holter recording. 


STATISTICAL ANALYSIS 

The values of RR and QTc interval in control condi- 
tions and during various periods of observation 
were compared by Student's ¢ test. A p value of 
« 0-05 was regarded as significant. We used a Kon- 
tron computer, model Cardio 80, for statistical anal- 
ysis. 


Results 


STUDY GROUP 

Electrocardiographic measurements 

The period of ventricular stimulation was followed 
by persistent repolarisation changes (fig 1). The fol- 
lowing features were seen in all eight patients in the 
study group: (a) inversion of the T wave in leads II, 
III, and aVF, leading to a shift of the T wave vector 
leftwards and upwards; (5) significant leftward devi- 
ation of the ventricular gradient in the frontal plane; 
and (c) decrease of the measured area. 
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Typical pattern of T wave changes on a 12 lead electrocardigram before, during, and after right 


ventricular pacing tn patient 1. The polarity of the inverted T wave 1s the same as that of the paced QRS. 
Repolarisation had returned to normal several days after the end of right ventricular pacing. 


The T wave from leads V2 to V5 was inverted in 
five patients, and in the remaining three it was 
flattened or reduced in amplitude in these leads. 
These changes were evident at the end of pacing and 
reached a maximum 2-12 hours after the end of 
pacing. Reversion of these abnormalities was slow, 
with restoration of the original values 5-22 days 
after the end of ventricular pacing (table 1). Figure 2 
shows baseline and maximum values of the axis of 
the T wave and of the ventricular gradient. After 
stimulation all patients also showed a transient 
lengthening of the QTc interval which was greatest 
4-24 hours (mean 12 hours) after ventricular pacing. 
The mean QTc interval increased from 409-8 to 
446-0ms (p « 0-001) in the absence of significant 
variations in the RR interval. The QTc interval val- 


ues returned to their original values within 48 hours 
in all patients (table 2). 


Tablel Time at which T wave inversion was greatest and 
at tohich the repolarisation changes returned to normal after 
right ventricular pacing 








Maximal T Normal at 
Patient No trversion (h) (days) 
1 4 22 
2 ^ 6 8 
3 7 5 
4 6 5 
5 8 8 
6 3 6 
7 12 5 
8 2 10 
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Axis of the T wave 

Baseline +34°(25) |. 

Maximal change -35° (38)*| . 

Recovery +32° (28) - 


*p «0:01 from baseline 





Axis of the 
ventricular gradient - 





Baseline 
Maximal change 
Recovery 





Fig2 Range of T wave axes and ventricular gradient 
distribution tn patients in baseline conditions and at maximal 
shift after ventricular pacing. Mean (SD) values are shoton. 
Holter recordings (table 3) 

In each patient the total number of heart beats dur- 


ing the 24 hours was the same in all recordings, sug- 
gesting that the mean heart rate remained constant. - 


Table2 QTc and RR intervals (ms) in the study group 
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The values for the highest and lowest heart rates in 
both early and late post-pacing recordings resem- 
bled those in the baseline recording. Patients 4 and 
7, in whom no arrhythmias were seen in the baseline 
recording, had no spontaneous arrhythmias in the 
earlier (first 24 hours) and in the late (after disap- 
pearance of the repolarisation abnormalities) post- 
pacing Holter monitoring. In patients 1, 2, 3, 5, 6, 
and 8, however, who had premature ventricular 


7 : beats before pacing, there was a remarkable increase 


in the frequency of these arrhythmias in the 24 hours 
after pacing. Several.complex ventricular arrhyth- 
mias were seen. In.case 3 ventricular extrasystoles of 
two different configurations and two couplets were 


^ present in the baseline Holter recording, and soon 


after the end of pacing we saw ventricular extra- 
systoles with three distinct configurations and 
several short episodes (3 to 4 beats) of ventricular 
tachycardia. Tachycardia was not detectable in the 
third Holter recording. In patient 6, who presented 
with single uniform ventricular extrasystoles in the 
baseline study, there were couplets and two short 
runs of ventricular tachycardia in the early post- 
pacing recording. These arrhythmias were not 
present in the later recording. 

Figure 2 shows thé strict relation between changes 
in repolarisation (ventricular gradient, QTc value) 
after pacing and the frequency of ventricular extra- 
systoles in' patient 1. Repolarisation changes were 
most pronounced 12-24 hours after pacing, at the 
same time as tlie frequency of spontaneous arrhyth- 


' mias increased. The frequency of these arrhythmias 


decreased as the pacing induced repolarisation 
changes returned to normal. In patients 2 and 8 the 
number of ventricular extrasystoles greatly 
increased in the 24 hours immediately after pacing 
and returned toward the baseline values during the 
last recording. ' 


CONTROL GROUP- 
Analysis of the .electrocardiograms showed no 








Baseline Maximal change Recovery 

Panent No . QTc RR QTc RR QTc RR 
1 428 770 475 750 | 419 1033 
2 396 903 498. 873 398 1030 
3 406 907' 430 7 770 395 917 
4 407 886 * 432 830 408 820 
5 431 687 481 653 435 800 
6 388 973 ^ 422 847 395 1043 
7 418 800 454 913 409 1183 
8" 405 ; 787 ` 436 ' 687 . 397 720 
Mean (SD) . 409-8 (14 9) 839-1(93 3) > 446-0* (21-8) 790 3f (912) 407 Of (14 1) 944 5t (156 3) 


D r R S 


*p < 0001 from baseline values. - 
thot statistically different from baseline values. 


PS 
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'Table3 Holter data in the study group 








Heart rate (min|max) Total beats|24 h Extrasystoles|24 k 

Patient No A B C A B C A B C 

1 55/105 57/105 54/110: 104832 106272 108000 12738 230284 14165 
2 47/92 45/90 44/96 89712 83376 91440 416 1285 375 
3 54/100 58/105 60/105 102384 110304 101644 31 75* 40 
4 64/120 60/118 58/122 111168 112320 114336 0 0 0 
5 60/104 62/100 55/106 107815 105470 106209 205 1013 272 
6 48/100 50/92 49/95 84258 86976 87984 17 949t 85 
7 50/90 48/92 47/85 100368 101520 97632 0 0 0 
8 61/121 63/115 60/120 120672 119808 115488 75 177 82 


*Including 4 episodes of ventricular tachycardia (3—4 beata). 
tIncluding 2 episodes of ventricular tach’ dia (3 beats). 
A, baseline recording; B, first 24 hours pacing, C, recovery. 


difference in the axis of the T wave, in the ventricu- taneous arrhythmias seen during Holter monitoring 
lar gradient, and QTc interval in the control group after the electrophysiological study did not change. 
when we compared data collected before and after In the four patients who did not have arrhythmias 
the electrophysiological study. Four patients had — during the baseline study there were no spontaneous 
ventricular arrhythmias; but the frequency of spon- arrhythmias during the second and third recordings. 


Axis of the ventricular gradient 
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[] ECG recording 
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Fig3 Axis of the ventricular gradient, QTc interval, and arrhythmia frequency expressed as ventricular extrasystoles 
per hour in the baseline recordings and after right ventricular pacing in patient 1. The frequency of extrasystoles m the 
baseline recording and at 12, 24, and 144 hours (6th day) was obtained from Holter recordings. At other times data 
were obtained from direct electrocardiographic momtoring (see Methods). 
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Discussion 


The presence of changes in ventricular re- 
polarisation and an increased frequency of spontane- 
ous ventricular arrhythmias in the patients of the 
study group but not in the control group suggests 
that ventricular stimulation rather than other pro- 
cedures was responsible for these changes. 


REPOLARISATION ABNORMALITIES INDUCED 
BY VENTRICULAR PACING AND SPONTANEOUS 
ARRHYTHMIAS 

Patients who had no arrhythmias in the baseline 
study did not show spontaneous arrhythmias when 
repolarisation abnormalities were induced by a 12 
hour period of right ventricular pacing. In patients 
who presented with ventricular arrhythmias, how- 
ever, we found that a 2-15 fold increase in ventricu- 
lar arrhythmias and the presence of ventricular 
tachycardia were accompanied by the appearance of 
post-pacing repolarisation abnormalities. This, and 
the return to baseline values of the ventricular 
arrhythmias with recovery of normal repolarisation, 
virtually excluded spontaneous variability of ven- 
tricular ectopy.!? 14 

The strict temporal relation between re- 
polarisation abnormalities and worsening of sponta- 
neous arrhythmias suggests that spontaneous 
electrical instability was exacerbated by changes in 
the ventricular gradient and the lengthening of the 
QTc interval. In some patients these repolarisation 
abnormalities may reflect an increased electrical 
instability. 

The basis for this effect could be an increase in the 
inequalities of recovery in different areas of the myo- 
cardium. In a series of experiments by Kuo et al!? a 
previously “innocuous” premature stimulus could 
at a critical degree of dispersion of repolarisation 
trigger repetitive responses that eventually led to 
ventricular fibrillation. In that study changes in the 
T wave and prolongation of QTc interval were evi- 
dent at the time of induction of ventricular 
fibrillation. Also repetitive responses could be 
induced when a critical degree of dispersion of 
repolarisation was reached, even when spontaneous 
arrhythmias did not occur during the control period. 
These data suggest that electrical instability may be 
caused by repolarisation abnormalities even ın the 
absence of spontaneous arrhythmias before the 
repolarisation abnormalities were induced. 

The reported experimental data may be clinically 
relevant to our study. Our patients without arrhyth- 
mias in the baseline recording remained free from 
arrhythmias after pacing induced changes in 
repolarisation, probably because the degree of dis- 
persion of repolarisation that was achieved was not 


sufficient to induce spontaneous arrhythmias. In 
contrast the increased electrical instability that 
accompanied the post-pacing repolarisation abnor- 
malities in patients with pre-existing spontaneous 
ventricular arrhythmias may have increased the fre- 
quency of single ectopic complexes and the sponta- 
neous occurrence of the repetitive arrhythmias. 
Torsade de pointe has been described at the end of 
ventricular pacing (patient 1 in reference 16). The 
electrocardiogram of this patient showed inversion 
of the T wave in leads II, III, aVF, and in the pre- 
cordial leads and no prolongation of the QT interval. 
These findings suggested a possible role of 
repolarisation abnormalities and increased electrical 
instability in the genesis of the arrhythmia. 


POSSIBLE MECHANISMS OF REPOLARISATION 
ABNORMALITIES 

In all patients in this study right ventricular pacing 
was followed by a shift toward the left and upwards 
of the T wave vector and of the ventricular gradient 
in the frontal plane. Our data show that the 
repolarisation sequence has shifted. Repolarisation 
is proceeding in the opposite direction to the basal 
state. This may be caused by a lengthening of action 
potential in the apical regions as a result of right 
ventricular apical pacing. Repolarisation proceeds 
from the epicardium to the endocardium!? 18; a 
positive T wave is related to the shorter refractory 
period and shorter monophasic action potential in 
the epicardial than in the endocardial layers!? 7°; the 
inversion of the T wave ın the precordial leads after 
ventricular pacing may reflect a relative lengthening 
of the action potential in the epicardium (or in the 
right surface of the interventricular septum) 
compared with the endocardial layers of the left 
ventricle. 

The time course of changes and recovery to base- 
line values was similar for both ventricular gradient 
and QTc interval, suggesting that the two events 
may share a common mechanism. The lengthening 
of the QT interval could be related to the degree of 
dispersion of repolarisation caused by prolongation 
of action potential in the stimulation area. 


T WAVE MEMORY? 

It has been suggested that the persistence of the 
observed repolarisation abnormalities beyond the 
period of ventricular pacing is related to the possible 
effects of electrotonic currents. This view, how- 
ever, has been criticised,?! ?? because electrotonic 
currents, which are passive phenomena, should only 
affect the repolarisation sequence associated with a 
given depolarisation. Therefore, after the recovery 
of normal intraventricular activation a repolarisation 
sequence similar to the original should occur. 
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Cohen etal proposed a different explanation for 
the development and persistence of the re- 
polarisation abnormalities.?? They suggested that 
the continuous electrical activity of the heart itself is 
responsible for the genesis of an electrical gradient 
throughout the ventricles and that metabolic factors 
are involved in the maintenance of inequalities in 
repolarisation. The time course of recovery to nor- 
mal repolarisation of our study suggests the possi- 
bility that metabolic factors can play a role in the 
persistence of the T wave changes. 

We found that the repolarisation abnormalities 
that occur after ventricular pacing, which previously 
have not be regarded as clinically relevant, may be 
clinically important. Inversion of the T wave after 
ventricular pacing was accompanied by an increased 
electrical instability, which was manifested by a 
higher frequency of spontaneous ventricular 
arrhythmias. Patients in whom prolonged ventricu- 
lar pacing is suddenly stopped may demonstrate 
increased electrical instability in the early phase 
after the end of pacing. Patients with pre-existing 
ventricular arrhythmias are particularly susceptible 
to such instability. 
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Factors influencing survival and mode of death in 
severe chronic ischaemic cardiac failure 
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SUMMARY An evaluation of factors which may influence survival and mode of death was conduc- 
ted over a three year period in a consecutive series of 50 patients with severe chronic ischaemic 
cardiac failure for more than three months. At the initial assessment all patients were already 
receiving intensive medical treatment. During follow up four patients successfully underwent 
cardiac surgery and medical treatment was modified in most patients, with four patients receiving 
antiarrhythmic drugs. Twenty six patients died: 17 suddenly within one hour of onset of symp- 
toms and nine of progressive cardiac failure. The mortality by one year was 26% and by two years 
it was 6295. Comparison of those who survived with those who died within one year of follow up 
showed that a very low left ventricular ejection fraction, severe ventricular arrhythmias, the 
presence of gallop rhythm, and New York Heart Association class IV were the variables that 
predicted mortality. By two years left ventricular ejection fraction, ventricular arrhythmias, and 
pulmonary capillary wedge pressure were the variables that were significantly different in sur- 
vivors and patients who died. No differences were found in any of the recorded variables between 
those who died suddenly and those who did not. 

Thus in patients with chronic ischaemic cardiac failure determination of the left ventricular 
ejection fraction and the severity of ventricular arrhythmia on the ambulatory electrocardiogram 
are the best ways to predict prognosis. The presence of gallop rhythm and New York Heart 
Association class IV status predict early death. 


Severe chronic cardiac failure occurring as a con- 
sequence of ischaemic heart disease is common. 
Many studies in the United States have documented 
the course of the disease! ^? and have described cer- 
tain indicators of outcome.* 6 The Framingham 
Study emphasised that the prognosis was little better 
than for cancer in general.’ Surprisingly there is no 
major United Kingdom contribution to published 
reports on this topic. 

In the past decade there has been considerable 
interest in new drug treatments for severe cardiac 
failure, especially —vasodilators??? ^ and ino- 
tropes,'°~'? with considerable attention being paid 
to the influence of these drugs on haemodynamic 
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variables and exercise tolerance. Despite these newer 
drugs the mortality from the syndrome remains high 
and the prognosis remains poor. An editorial by Wil- 
son reviewed the subject and advocated optimisation 
of medical treatment by the physician, and education 
of the patient’s family in the recognition of the signs 
of sustained ventricular tachycardia and training in 
cardiopulmonary resuscitation because at least half 
of such patients die suddenly. 1? 

We describe our experience gained over three 
years at a major referral centre for cardiology 
patients, describe the course of the disease, and 1den- 
tify factors that influence survival and mode of death 
in patients with chronic ischaemic cardiac failure. 


Patients and methods 
INCLUSION CRITERIA 


Patients were recruited from routine outpatient 
practice. Fifty consecutive patients were entered 
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according to the following criteria: (a) age «70 
_ years; (b) proven diagnosis of ischaemic heart dis- 
ease, either documented previous myocardial 
infarction and/or presence of significant (>50%) 
narrowing of one or more major coronary arteries 
demonstrated at coronary angiography; (c) left ven- 
tricular failure of more than three months’ duration, 
characterised by any or several of the following— 
dyspnoea and/or fatigue or exertion, paroxysmal 
nocturnal dyspnoea, peripheral oedema, gallop 
rhythm, pulmonary congestion, and documented by 
reduced left ventricular ejection fraction measured 
either by cineangiography or by radionuclide angio- 
graphy or by M mode echocardiography and 
requiring treatment with diuretics with or without 
digoxin and/or drugs with vasodilator activity. 
Patients were specifically excluded if there was 
evidence of significant valvar heart disease or chronic 
obstructive airways disease. Inpatients were not 
included but were identified and included in the 
study if they were eligible when they attended as 
outpatients. 


CLINICAL ASSESSMENT AND FOLLOW UP 

The initial clinical assessment included a review of 
all previous investigations. The date of initiation of 
diuretic treatment was taken as the date of onset of 
left ventricular failure. All current medication at the 
time of assessment was noted, and further 
investigations to confirm and elucidate the diagnosis 
of left ventricular failure as a consequence of coro- 
The New York Heart Association functional 
classification was assessed. 

All patients were followed up regularly and medi- 
cal treatment was changed or operation performed 
when appropriate. Details of deaths were obtained 
from hospital inpatient case records, general prac- 
titioners’ records, and relatives’ accounts. The date, 
cause, and mode of death was ascertained; for the 
purpose of this study death was defined as sudden if 
it occurred within one hour of onset of symptoms 
and/or was unexpected. The minimum follow up for 
survivors was 15 months. 


STATISTICAL ANALYSIS 

Survivors and deaths were compared at one and two 
years by an unpaired Student's t test or a y? test as 
appropriate. Sudden and non-sudden deaths were 
compared by the same criteria. A p value of «0-05 
was taken as significant. 


Results 


PATIENT CHARACTERISTICS 

Age and sex 

There were 40 (80%) men and 10 (20%) women 
(mean (SD) age 56-9 (6-7) years, range 39-70). 
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Medical history 
The mean (SD) duration of left ventricular failure 
was 16-7 (13-6) months (range 3-65 months). 
Ischaemic heart disease was confirmed by documen- 
ted previous myocardial infarction in 43 (86%) 
patients and by coronary angiography in the remain- 
ing seven (14%) patients who had not had a myo- 
cardial infarction. The number of myocardial 
infarctions was zero in seven patients, one in 21 
patients, two in 13 patients, three in eight patients, 
and >3 in one patient. Coronary angiography was 
performed in 42 patients: single vessel disease was 
found in three patients, double vessel disease in two 
patients, and triple vessel disease in 37 patients. 
Eleven (22%) patients had a history of hypertension 
(blood pressure >160/95mmHg) that required 
treatment. None of the patients was hypertensive at 
assessment. Seven (14%) patients had diabetes 
mellitus. Previous pulmonary embolism was docu- 
mented in four (894) patients. Two patients had pre- 
viously undergone coronary artery bypass surgery, 
and a further two patients had had peripheral vascu- 
lar surgery. 


Symptoms and physical signs 

Al 50 patients complained of dyspnoea and/or 
fatigue on exertion. Forty (80%) patients had angina 
pectoris and seven (14%) patients had intermittent 
claudication. Sinus rhythm was present in 45 (90%) 
patients and atrial fibrillation was present in the 
remaining five (10%) patients. 

Anadded heart sound, either third, fourth or both, 
was present in 35 (70%) patients. A murmur charac- 
teristic of mild mitral regurgitation was present in 15 
(30%) patients. Auscultation of the chest was clear in 
25 (50%) patients and revealed basal rales in 21 
(42%) patients and rales halfway up both lung fields 
im two (4%) patients. Peripheral oedema confined to 
the ankle area was present in five (10%) patients. 


Other characteristics 

Forty seven (94%) patients smoked cigarettes or 
were recent ex-smokers; only four (8%) patients 
were obese (> 120% of desirable body weight). 


Digitalis preparations were being taken by 44 (88%) 
patients: 37 patients were taking digoxin (mean (SD) 
daily dose 0-23 (0-05) mg) and seven patients were 
taking medigoxin (mean daily dose 0-17 (0-08) mg). 
Diuretics were being taken by all 50 patients: 47 
patients were taking frusemide (mean daily dose 121 
(139) mg, range 40-1000 mg) and three were taking 
bumetanide (mean daily dose 1-5 (0-5) mg). An addi- 
tional potassium sparing diuretic was being taken 
by 28 (56%) patients: 25 patients were taking 
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spironolactone (mean (SD) daily dose 106 (33) mg) 
and three patients were taking amiloride 10 mg daily. 
All 50 patients were normokalaemic (serum potas- 
sium 3:4-5-3 mmol/l) at the time of assessment. 
Vasodilator drugs were being taken by 28 (56%) 
patients: 21 (42%) patients were on isosorbide din- 
itrate (mean (SD) daily dose 46 (33) mg, range 
20—90 mg). Eleven patients were taking other drugs 
with vasodilator activity; in eight patients it was a 
calcium antagonist (either nifedipine or verapamil); 
four of these patients were also taking nitrates. The 
remaining three patients were taking hydralazine 
(two patients) or prazosin (one patient). 

Two patients were on antiarrhythmic drugs 
(amiodarone 200 mg daily). Other drugs included 
warfarin, six patients; oral hypoglycaemic drugs, 
four patients; thyroxine, one patient; and insulin, 
one patient. 


Functional classification 

The New York Heart Association functional 
classification based on symptoms was: class II, three 
patients (three male, 0 female); class III, 37 patients 
(30 male, seven female); class IV, 10 patients (seven 
male, three female). 


ASSESSMENT OF LEFT VENTRICULAR FUNCTION 
AND OTHER INVESTIGATIONS 

Electrocardiogram 

The standard 12 lead electrocardiogram was normal 
in only three patients. Àn old anterior myocardial 
infarction was the commonest abnormality, occur- 
ring in 37 (74%) patients; 1n 12 of these patients 
there was also evidence of old inferior myocardial 
infarction. T'wo patients had evidence of old inferior 
myocardial infarction alone. The remaining eight 
patients had one of a variety of abnormalities: com- 
plete left bundle branch block, left ventricular 
hypertrophy, T wave inversion, and atrial 
fibrillation. 


Chest x ray 

The cardiothoracic ratio was increased (> 0 50) in 45 
(90%) patients. The mean (SD) cardiothoracic ratio 
was 0-55 (0-06). Twelve patients (24%) had normal 
lung fields, with the remaining 38 (76%) patients 
having evidence of passive pulmonary congestion of 
a mild to moderate degree. No patient had frank 
pulmonary oedema at the time of assessment. 


Left ventricular function 

The left ventricular ejection fraction was measured 
in 46 (92%) patients. Cineangiography was per- 
formed in 41 patients and equlibrium radionuclide 
angiography (with in vivo labelling of the patient’s 
own red blood cells with technetium-99m) in 23 
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patients. The four patients who did not have the left 
ventricular ejection fraction measured all had M 
mode echocardiography performed; the left ventric- 
ular and diastolic diameter was >6:0cm in all four 
patients and the mean (SD) fractional shortening 
was 0-019 (0-08). The mean (SD) cineangiographic 
left ventricular ejection fraction was 0:28 (0-14) and 
the mean (SD) radionuclide left ventricular ejection 
fraction was 0-26 (0 09). Echocardiographic frac- 
tional shortening was measured in 43 patients (mean 
(SD) 0 18 (0-07). Pulmonary capillary wedge pres- 
sure was measured 1n 40 patients (mean (SD) 21:3 
(7-8)mm Hg. 


Exercise capacity 

Maximum exercise capacity was measured in 20 
patients. A bicycle ergometer was used with a proto- 
col which began at a workload of 20W for two 
minutes and increased by 10 W per minute there- 
after. The mean (SD) maximum workload achieved 
was 76:0 (25-7) W. 


Ambulatory electrocardtogram 

Ambulatory 24 hour electrocardiograph recording 
was performed in 27 (54%) patients. There was no 
selection process. The mean left ventricular ejection 
fraction in these patients was 0-26—that is, the same 
as in the group overall. The severity of ventricular 
arrhythmias was scored by the Lown classification. '* 
All patients had evidence of ventricular arrhythmias. 
The classification of patients was as follows: grade 0, 
no patients; grade 1, 10 patients; grade 2, seven 
patients; grade 3, one patient; grade 4A, two 
patients; grade 4B, five patients; and grade 5, two 
patients. 


FOLLOW UP DETAILS 
Status: dead or alive 
Twenty six (52%) patients died during follow up. 
The mean (SD) follow up from assessment was 17-7 
(10-8) months; follow up for those who died was 11:3 
(10-2) months and for survivors it was 24-7 (6:3) 
months. Figures 1 and 2 show life table analyses 
from assessment and from onset of left ventricular 
failure. Death was sudden in 17 patients and due to 
progressive cardiac failure in nine patients. No 
deaths were attributable to non-cardiac causes. 
Tables 1, 2, and 3 show the demographic and clin- 
ical details, treatment, and assessment of cardiac 
function in survivors and patients who died. Death 
within one year was most likely to occur in those 
patients with the lowest left ventricular ejection frac- 
tion, the highest Lown grade for 24 hour ambulatory 
electrocardiographic recording, in the presence of a 
gallop rhythm, and in those classified as New York 
Heart Association functional class IV. Death within 
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wedge pressure. 
None of the other variables influenced survival. 
'Table 4 shows a comparison of sudden and non- 


Table 1 Survivors versus deaths at one and two years’ follow up: climcal details 


By 12 months By 24 months 
Survivors Deaths Survtvors Deaths 
(n = 37) | (n= 13) Stgmficance (n = 15) (n = 24) Significance 
Age (years) (mean (SD)) 56 8(6 95) 57 2613) NS 54 7 (7 60) 57 8(6 01) NS 
Sex (male:female) 28:9 12: NS 10:5 22:2 « 005 
Duration of LVF (months) (mean (SD)) 171(1462) 15 Zao 78) NS 21 7(14:22) 14-29-80) Ns 
NYHA class: 
II 3 0 1 2 
III 30 7 p<0ool 13 15 NS 
IV 4 6 1 7 
Gallop rhythm (%) 23 (62%) Es « 005 10(67%) 16 (67%) NS 
Mitral regurgitation (%) 12(23%) 3(23% S 4(27%) 7(29%) NS 
Previous MIs 
0 4 3 0 3 
1 16 5 8 9 
2 11 2 NS 6 4 NS 
>2 6 3 1 T 


LVF, left ventricular function, NYHA, New York Heart Association, MIs, myocardial infarctions. 


Table 2 Survivors versus deaths at one and two years’ follow up: medication 





By 12 months By 24 months 
Survtvors Deaths Survivors Deaths 
(n = 37) (n = 13) Significance (n = 15) (n = 24) Significance 
poe (mg) (mean (SD)) 122 4(160 59) 116-9 (52-82) NS 82 9(36:67) 158 2(195 76) NS | 
Bose (mg) (mean (SD)) 0 23 (0 44) 0-21(0063) NS 0-22(0055)  0-22(0055) NS 
(n (90) 33 (89%) 11(85%) 13 (87%) 20 (83%) NS 
ium sparing druretics (n (%)) 20(54%) 8(62%) NS 30232) 13(5495) NS 
Vasodilators (n (%)) 20 (54%) 8(62%) NS 8(53% 13 (54%) NS 
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Table 3 Survivors versus deaths at one and two years’ follow up: cardiac assessment 
By 12 month: By 24 months 

R Survivors Deaths Survivors Deaths 
Variable (n = 37) (n = 13) Significance (n = 15) (n = 24) Significance 
PCWP (mm Hg) (n) 20 9(7-72) (31) 240(860)(10 NS 18-0(7-04) (11) 243(823)(19 p< 005 
LV cine EF (mean (SD)) (n) 0 31 (0 134) (31) 0-18 (0-08 (10) < 001 0 41 (0-108) (11) 0 22 (0 086) (7) PI 0 001 
RNLVHF (mean (SD) (n) 026(0073) (20) 022(0113) (3) S 0-29 (0 081) s 0 22(0 086) (7) S 
Cardiothoracic ratio (mean (SD) (n) 0-54(0061) (37  057(0 on (13) NS 055 o 078) (15) 0 56(0 045) 8} NS 
Echo FS (mean (SD)) (n) 0-19 (0 068) (34) 0 14(0 071) (9) NS 019(0 081) (15) 0 16(0 064) tS NS 
Lown grade 

1 9 1 7 3 

2 7 0 7 0 

2: I i p<oo  Q A p < 002 

4B 2 3 1 4 

5 2 0 1 1 
Exercise capacity (W) (mean (SD)) (n) 78 8(25 22) (25) 62-0 (25:88) (5) NS 80-0 (76 46) (9) 71 8(24 01) (11) NS 


PCWP, pulmonary capillary wedge pressure; LV cine EF, left ventricular cjection fraction measured by cineangiography; RNL'VEF, radionuclide left 


ventricular ejection fraction; Echo FS, fractional shortening measured by echocardiography. 


Table 4 Sudden versus non-sudden deaths 











Variable Sudden deaths (n — 17) Non-sudden deaths (n = 9) —— Significance 
oat Gee) 56 6(7 0) 58 8(7-3) NS 
Sex ( 17:0 7:2 NS 
Duration m left ventricular RUE (mnth) 13-2(8-7) (17) 19 4(15 4) (9) NS 
Previous MI 171(1-53 (17) 1-56 (1 01) (19) NS 
Gallop rhythm 9 8 NS 
Mitral regurgitauon (n) 5 3 NS 
NYHA class (n) II 2 0 
III 12 5 NS 
IV 3 4 
Medication: 
Frusemide (mg) (mean (SD)) 155 (228) 154 (67) NS 
Di n 14 NS 
K* supplements (n) 9 5 NS 
Vasodilators (n) 8 6 NS 
Pulmonary capillary wed, ressure (mm Hg) Aot 1) (13) 25-0(10 5) (7) NS 
LV cine e EF (a (mean (SD)) YA 21:9(76 ib. 16 9(8 7) (6) NS 
EE 23 0(9 4) (4) 20 7 (9-1) (3) NS 
Lown grade 336(1 63) (7) 3:38 (1-80) (4) NS 
Cardiothoracic ratio 0 reel a7) 057 (o 9) NS 
Echo fractional sho: 0 15(0-06) (13) 0-16 (0: NS 
Maximum EIE CIRCE (W) 81 4(21 2) 55-0 (20 8) (4) NS 
Rean are ressed as mean (SD) (n). 


onuclide left ventricular ejection fraction, ECG, 12 lead electrocardiogram; LV cine EF, left ventricular ejection 
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sudden deaths. No differences were detected for any 
of the recorded variables between sudden and non- 
sudden deaths. 


Alteration in treatment and surgical referral 

After the initial assessments only three (6%) patients 
continued on unchanged medication because this 
was judged to be optimal. Five (10%) patients died 
before any necessary alterations in treatment could 
be effected. Twenty two (44%) patients entered a six 
month trial of oral prenalterol versus placebo!5; 11 
patients received prenalterol. Prenalterol treatment 
did not influence survival favourably or 
unfavourably. Five patients had the dose of diuretic 
increased or a potassium sparing diuretic was added; 
and nine patients had'long acting nitrate drugs added 


(seven patients) or increased (two patients). Two 
patients were started on an antiarrhythmic drug, 
amiodarone. The remaining four patients were 
referred for cardiac surgery, with subsequent alter- 
ation in their drug treatment. 


Functional status of survtvors 

Figure 3 shows the New York Heart Association 
functional status of survivors. Only seven had a 
lasting improvement (longer than 12 months) in 
functional class. 

This was attributed to cardiac surgery in two 
patients and to changes in medical treatment in the 
remaining five patients (prenalterol three patients, 
nitrates one patient, and increased diuretics one 
patient). 
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NYHA class 


IV 





Intitial assessment End of study 
Fig3 Functional status of survivors. NYHA, New 
York Heart Association. 


Discussion 


The fifty patients who we studied had severe refrac- 
tory cardiac failure. Their medication at the time of 
assessment was already comprehensive, with over 
half of the patients taking drugs with vasodilator 
activity or “third line" drugs. Nitrates tended to be 
the most popular, because of their effect in both 
lowering left ventricular filling pressure and provid- 
ing prophylaxis against attacks of angina pectoris. 
'The majority of patients bad triple vessel coronary 
artery disease and had had one or more myocardial 
infarctions and their left ventricular function was 
very poor. It is therefore not surprising that the 
mortality was so high and the outcome so poor. Our 
findings accord with those of many published 
series. ? We confirmed that those patients with 
lowest left ventricular ejection fraction are more 
likely to die.! We also confirmed that those patients 
with the most serious ventricular arrhythmias on an 
ambulatory electrocardiogram have the worst prog- 
nosis. 1? 18 There appears to be an inverse relation 
between left ventricular ejection fraction and Lown 
grade (fig4); few deaths occurred among patients 
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Fig4 Left ventricular (LV) ejection fraction versus Lown 
grade in 27 patients mth chromc ischaemic cardiac failure. 


with a left ventricular ejection fraction >0-30 and 
the lesser ventricular arrhythmias, whereas mortality 
was highest in patients with a combination of a very 
low left ventricular ejection fraction and serious ven- 
tricular arrhythmia. Sudden deaths and non-sudden 
deaths are equally common in this higher risk group. 
Severe ventricular arrhythmias thus appear to be a 
marker for severe left ventricular damage. 

Current therapeutic practice concentrates on 
improving the symptoms and status of the left ven- 
tricular failure. Our study indicates that some atten- 
tion should also be paid to these arrhythmias. A 
similar view has been expressed by Wilson.!? Con- 
ventional antiarrhythmic drugs are, however, often 
difficult to use in this category of patients because of 
a deleterious effect on left ventricular function!? or 
non-responsiveness to treatment.?° 

The challenge of preventing sudden death in 
patients with congestive heart failure has recently 
been reviewed by Packer.?! Our study was not 
designed to test the effect of such an intervention. 

'Treatment was adjusted on an individual basis. 
We treated only four patients with antiarrhythmic 
drugs; in every case amiodarone was our choice 
because it is the least likely of the drugs currently 
available to depress left ventricular function and its 
additional antianginal effect may also be beneficial to 
this class of patient.?? ?* A recent report by Cleland 
et al suggested that amiodarone can successfully sup- 
press ventricular arrhythmias in patients with severe 
heart failure?*; however, in this small three month 
study the impact on survival could not be fully 
assessed, but it is noteworthy that three patients died 
suddenly on placebo whereas there were no sudden 
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deaths on amiodarone. Among our four patients, one 
sudden death occurred in a patient taking amio- 
darone and the three remaining patients survived. 

Sudden death was almost twice as common as 
death from progressive cardiac failure in our series. 
This Proportion is higher than in the other published 
series.? ^5 The explanation may lie in the definition 
of "sudden death" and the selection of patients, 
although we cannot exclude the possibility that our 
treatment may have influenced this observation. 
Short term treatment with prenalterol may cause 
ventricular arrhythmia when given to susceptible 
patients,?? but long term treatment is not associated 
with increased arrhythmia or mortality; indeed the 
degree of f blockade perhaps might be useful in 
preventing arrhythmias.!? Thirty nine patients were 
taking digoxin and were in sinus rhythm. Five of the 
six patients not prescribed digoxin died. There is 
still controversy about whether long term digoxin 
treatment provides worthwhile benefits in such 
patients.?5^ 2? We did not observe any digoxin tox- 
icity in these patients during follow up and we attri- 
bute this to the fact that all these patients were 
already stabilised on digoxin at the time of assess- 
ment. Serum potassium was measured periodically 
in most patients. No episodes of severe hypokalaemia 
(serum potassium <3-0mmol/l) occurred during 
follow up despite the large doses of frusemide used. 

Cardiac surgery, namely resection of a left ventric- 
ular aneursym, with or without coronary artery 
bypass surgery, was only considered suitable for four 
of the patients. Two further patients had had pre- 
vious cardiac surgery: one a resection of a left ven- 
tricular aneurysm with coronary artery bypass and 
one a coronary artery bypass alone. The remaining 
patients were not offered surgery—almost invariably 
because they had severely reduced left ventricular 
function without discrete aneurysm. No patient in 
this series was considered seriously for trans- 
plantation; the main reason was that only seven 
patients were aged «50 years. 

Evidence is now accumulating that patients such 
as ours may have an improved prognosis if coronary 
revascularisation is performed,??^?! although the 
operative and perioperative risks are greater in this 
group.?! ?? This gradual change in attitudes may 
mean that a series of patients reported in 10 years 
time will contain a greater proportion of patients 
treated surgically. 

How then can the outlook be improved for these 
patients? Undoubtedly optimisation of medical 
treatment is desirable, and, whenever patients are 
suitable, cardiac surgery should be carefully consid- 
ered. Antiarrhythmic drugs should probably be con- 
sidered although patient selection is difficult. Newer 
drugs for cardiac failure will continue to attract 
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attention and deserve to be tested in such patients 
because their prognosis is so poor. Angiotension 
converting enzyme inhibitors produce clinical 
benefit?’ ?5 and there is some evidence to suggest 
that they reduce arrhythmias?5 37 and may improve 
the prognosis.*3539 Combined vasodilator treat- 
ment with hydralazine and nitrates may also be 
beneficial? Larger studies are needed to confirm 
these promising results. 

Despite surgery and intensive drug treatment the 
damage to the left ventricle may be so great that little 
improvement can be expected whatever therapeutic 
manoeuvre is attempted. Cardiac transplantation 
may then be considered for suitable subjects. Pre- 
dictably the major risk factors for coronary artery 
disease noted were cigarette smoking (94%) and 
preceding hypertension (22%). 


We thank Mr T J Stallard for statistical advice and 
analysis, and Mrs Jayne Tuckey for assistance in 
preparing the paper. 
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Accurate detection of triple vessel disease in patients 
with exercise induced ST segment depression after 
infarction 
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H VALANTINE, N MEHTA 


From the Departments of Medicine One and Cardiology, St George's Hospital and Medical School, London 


SUMMARY The severity of coronary artery disease is an important determinant of prognosis after 
acute myocardial infarction. The ability of a symptom limited exercise test to predict the presence 
of triple vessel disease was assessed in 221 patients three weeks after infarction. Coronary angio- 
graphy was performed in patients with exercise induced ST segment depression. The presence of 
ST segment depression alone was poorly indicative of triple vessel disease; however, some specific 
features of ST segment changes on exercise were of predictive value. Downsloping ST segment 
configuration alone or horizontal ST segment depression associated with an early onset and a late 
recovery time after exercise correctly identified 30 (90% ) of 33 patients with triple vessel disease 
whereas it incorrectly identified only 6 (1595) of 39 patients with single and double vessel disease. 
An abnormal blood pressure response was also predictive. 

In patients with ST segment depression after infarction triple vessel disease can be detected 
accurately by a combination of the electrocardiographic and haemodynamic variables attained on 


exercise. 


Exercise testing in patients early after myocardial 
infarction is a valuable diagnostic and prognostic 
technique. One year mortality in patients with exer- 
cise induced ST segment depression has been shown 
to be 25% compared with 2% 1n patients with no 
ST segment depression.! Even though the one year 
mortality rate is significantly higher in patients with 
S'T segment depression on exercise, most of these 
patients are not at high risk of further cardiac events. 
There 1s thus a need to identify more accurately the 
*gt risk" group of patients who may benefit from 
invasive diagnostic and therapeutic techniques. Fur- 
thermore, it has been suggested that reduced 
exercise tolerance or a poor haemodynamic response 
on exercise may be more predictive of later 
complications than ST segment changes.? 

The purpose of this study was to quantify specific 
ST segment changes on exercise together with the 
haemodynamic responses on exercise in a group of 
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patients three weeks after a myocardial infarction 
and to relate these findings to their subsequent 
coronary anatomy. 


Patients and methods 


PATIENTS 

The study group consisted of 221 consecutive 
patients under the age of 70 years in whom the diag- 
nosis of a myocardial infarction was based on the 
presence of at least two of the following three crite- 
ria: (a) a typical history of chest pain persisting for at 
least 30 minutes, (b) new Q waves or evolution of 
ST-T wave changes, (c) a rise in the cardiac enzyme 
concentrations of aspartate transaminase, hydroxy- 
butyrate dehydrogenase, or creatine kinase to at least 
twice the upper limit of normal. The average (SE) 
age was 57 (4); 40(18%) were female. Ninety three 
(42-295) had had an anterior infarction, 94 (42 6%) 
an inferior infarction, 20 (8-995) a lateral infarction, 
4 (2:095) a true posterior infarction, and 10 (4-496) 
had no infarction site indicated by the electro- 
cardiogram. Four showed left bundle branch block 
and four right bundle branch block on the resting 
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Figure Characterisation of ST segment configuration at peak exercise. 


electrocardiogram. One hundred and twenty three 
patients were taking f blockers at the time of exer- 
cise. Patients with valvar heart disease or aortic 
stenosis were excluded from the study. 


EXERCISE TESTING 

Symptom limited exercise testing was carried out on 
a motor driven treadmill by the Bruce protocol.? 
Patients exercised for 3 min stages at progressively 
increasing work loads. A 12 lead electrocardiogram 
was recorded before exercise with the patient supine 
and upright, at the end of each 3 minute stage of 
exercise, immediately after exercise, and every 
minute during recovery. In addition, leads II, V2, 
and V5 were continuously monitored throughout 
exercise. Blood pressure was measured on the right 
arm by the standard cuff method at the same time as 
the electrocardiogram was recorded. 

Exercise was continued until one of the following 
end points: (a) 23mm ST segment depression 
80 ms after the J point in any lead; (b) a fall in sys- 
tolic blood pressure; (c) occurrence of chest pain, 
dyspnoea, fatigue, or dizziness; (d) leg cramps. A 
test was defined as positive if 21mm ST segment 
depression was recorded in any lead. ST segment 
depression was categorised as slowly unsloping, 
horizontal, and downsloping configurations (figure). 
"Total exercise time and time to onset of significant 
S'T segment depression on exercise were recorded 
together with the recovery time from ST segment 
depression after exercise. The increase in systolic 
blood pressure at peak exercise was expressed as the 


percentage increase from the resting value (systolic 
blood pressure increase). Patients in whom systolic 
blood pressure did not increase by >10% of the 
resting value at peak exercise were considered to 
have a poor exercise blood pressure response. The 
heart rate at the onset of significant ST depression 
was expressed as a percentage increase from the rest- 
ing value (heart rate at onset). 


CORONARY ANGIOGRAPHY 

Coronary arteriography was performed at 2-4 weeks 
after the exercise test on patients with significant ST 
segment depression who agreed to undergo the 
procedure. Twelve patients with no ST segment 
depression underwent this procedure for clinical 
reasons. The arteriograms were viewed by a radiolo- 
gist who was unaware of the exercise test findings. 
Significant coronary artery disease was defined as 
>70% proximal luminal narrowing in either the left 
anterior descending, circumflex, or right coronary 
arteries or the left main stem. Patients were then 
classified as having single, double, or triple vessel 
disease. 


FOLLOW UP 

Patients with a diagnosis of significant triple vessel 
or left main disease were referred for coronary artery 
bypass surgery together with those patients in whom 
symptoms persisted despite optimal medical 
treatment and in whom the coronary anatomy was 
suitable for surgery. All other patients were 


managed medically. 


Detection of triple vessel disease 


STATISTICAL ANALYSIS 
Unpaired student : tests were applied where 
appropriate to test for significant differences in the 











135 


group (5 7 (0-3) minutes) (p « 0-01). The mean (SE) 
systolic blood pressure increase in the negative test 
group was 26(3)% compared with 16(2)% in the 


« measured exercise variables between the negative positive test group (p < 0-001). 
and positive test groups and between the patient Table 1 shows the mean onset time, recovery 
groups with single, double, and triple vessel disease. time, and ST segment configuration together with 
We used discriminant analysis (Statistical Package the systolic blood pressure increase, heart rate 
for the Social Sciences) to distinguish statistically increase at ST depression, and the exercise time for 
between patients with (a) single and double vessel the single, double, and triple vessel disease groups 
disease and (b) triple vessel disease, using the exer- together with the respective p values. Table 2 shows 
cise variables described above as discriminant vari- the sensitivity and specificity attained for each exer- 
ables. The optimal discriminatory points were used cise variable in distinguishing the two groups: (a) 
to determine the sensitivity and specificity of these single and double vessel disease and (b) triple vessel 
exercise variables. disease. 
Resul Discriminant analysis demonstrated that down- 
esuits sloping ST segment configuration was the most 
Significant ST segment depression (positive test) accurate single exercise variable in predicting sever- 
was recorded in 89(40%) patients, 72 of whom ity of disease; it correctly classified 77:8% of 
underwent coronary angiography. The remaining 17 patients. This was followed by ST segment recovery 
patients with a positive test either refused to time (76:495); the onset time to significant ST seg- 
undergo this procedure or had more serious under- ment depression (75:095); the increase in heart rate 
- lying medical conditions. Of the patients who at onset of ST depression (72-256), and the blood 
underwent angiography, 24 were diagnosed as hav- pressure response to exercise (70-875). By com- 
ing single vessel disease, 15 double vessel disease, bining all these exercise variables 90-3% of patients 
and 33 triple vessel disease. Of the 132 patients with were correctly classified (p < 0-01). ; 
no ST segment depression (negative test), 12 under- None of the 12 patients with upsloping ST seg- 
went coronary angiography for clinical reasons: 
three were «35 years of age, four had significant ' Table2 Sensitivity and specificity of the exercise variables 
chest pain, one had a suspected left ventricular used to distinguish between single and double vessel disease 
aneurysm, one had early exercise induced left 274 triple vessel disease 
bundle branch block, and three became hypotensive 
on exercise. Single vessel disease was diagnosed in gy erase variable ud d 25 fü si 
nine, double vessel disease in three; none had triple 
vessel disease. Downsloping ST depression 94 9 576 
There was no significant difference in the resting SO ants saa 821 69 7 
heart rate between patients with a negative test and Onset ume to ST depression 
those with a positive test (77 beats/minute for both — , (<3. min) 667 848 
. crease in heart rate at ST 
groups) or between the rates attained at peak exer- depression ( « 40%) 590 879 
cise (127 beats/minute for both groups). Exercise certs 1 systole blood $53 a 
time was significantly longer in patients with a nega- Hee scan 667 606 
tive test (6-7 (0 3) minutes) than in the positive test 
able] Mean (SE) values of all exercise variables in relation to the severity of coronary disease 
Severity of disease p values 
xercise vartable Single Double Triple Single vs double Single vs triple Double vs triple 
eart rate (rest) (beats/min) 75 (3) 76 (4) 80 (3) NS NS NS 
eart rate (peak) (beats/min) 128 (4) 127 (6) 124 (4) NS NS NS 
aset ume to ST depression (min) 3905. 5307 20(0-2 «0 001 «0 001 «0 05 
*covery ume from ST depression (min) 3 9(0 53(07) 83(0 NS «0 001 «0 001 
T segment configuration (No) 
Upsloping 11 I 0 
Horizontal 13 12 14 x? p < 0-001 
Downsloping 0 2 1 
rstolic blood pressure increase (%) 24-4(3 2) 15 8(47) 51(27 NS <0 001 «005 
«crease in heart rate at onset of ST 
depression (% ) PH 50 3(8 e) 297(34) NS <001 «0 001 
cercise ume (min) 6 9(0- 5 8(0 6 49(0-4) NS <0-01 NS 
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Table3 Association of early onset time to ST segment depression and late recovery time with severity of disease in patients 


with horizontal ST segment depression 





Group 1 
Onset time > 3 mmn 


Group 2 


Onset time « 3 min 


Group 3 Group 4 
Onset time > 3 min Onset ume «& 3 min 





Severity of disease Recovery time <6 mn Recovery time <6 min Recovery time > 6 min Recovery time > 6 min 
Single/double vessel 10 8 3 4 
Triple vessel 1 1 1 1l 





ment depression had triple vessel disease whereas 19 
of the 21 with downsloping ST segment depression 
had triple vessel disease. Of the 39 patients with 
horizontal ST segment depression, however, 14 had 
triple vessel disease. To separate further this group 
of patients with horizontal ST segment depression, 
we used the second and third most powerful dis- 
criminant variables (an onset time to significant ST 
segment depression of <3 minutes and a recovery 
time after exercise of 26 minutes) in association 
with horizontal ST segment configuration. Four 
groups of patients with horizontal ST segment 
depression were then defined: 

Group [—Patients with an onset time of 7 3 minutes 
and a recovery time of <6 minutes. 

Group 2—Patients with an onset time of <3 minutes 
and a recovery time of <6 minutes. 

Group 3—Patients with an onset time of >3 minutes 
and a recovery time of >6 minutes. 

Group 4—Patients with onset time of <3 minutes 
and a recovery time of >6 minutes. Table 3 shows 
these results. 

Seventy nine per cent of the 14 patients with triple 
vessel disease and horizontal S'T segment depression 
were in group 4 whereas only 16% of those with 
single or double vessel disease with horizontal ST 
segment depression were in group 4. 


BBLOCKERS 

Fifty four (44%) of the 123 patients taking f block- 
ers had significant ST segment depression on exer- 
cise compared with 39 (39%) of the 99 patients not 
taking f blockers. There was no significant 
difference in the systolic blood pressure increase on 
exercise between patients taking f blockers 
(23 (1:7)%) and those who were not (19:8 (2:0)%). 
There were significant differences in the resting and 
peak heart rates and the total exercise time between 
the two groups (table 4). 


Table 4 Mean values (SE) for resting and peak heart 
rates and exercise time in patients taking B blockers and in 
those who were not 


B blockers No f blockers poalue — 


Resting heart rate (beats/min) 68 (A 90(2) «0 001 
Peak heart rate (beats/mm) 116(2 140Q)..., . <0001 
Exercise trme (min) 69(03) ^58(03) ' «Oo0r"* 


Discussion 


We have shown that the presence of exercise 
induced ST segment depression alone is a poor pre- 
dictor of sevére coronary disease because only 45% 
of 74 patients with significant ST segment depres- 
sion had triple vessel disease shown by angiography. 
'This accords with a recent study* but not with ear- 
lier ones.*55 We have demonstrated, however, that 
further analysis of the ST segment variables can 
predict more accurately the severity of coronary 
artery disease. 

The absence of downsloping ST segment depres- 
sion on exercise was the most specific indicator of 
the absence of triple vessel disease. Of the group 
with downsloping ST segment depression none had 
single vessel disease, 9-595 had double vessel dis- 
ease, and 90 5% had triple vessel disease. Fourteen 
of the 33 patients with triple vessel disease, however, 
did not have downsloping ST segment depression. 
Given the widespread distribution of horizontal ST 
segment depression in patients with single and 
double vessel disease and triple vessel disease, 
further analysis of this configuration would be 
necessary to determine which ST segment charac- 
teristics are of diagnostic value. When exercise 
induced ST segment depression occurs in patients 
with triple vessel disease significant ST changes are 
likely to appear within the first stage of exercise, 
which was significantly earlier than for single or 
double vessel disease. Moreover, patients in whom 
the ischaemic ST segment persists for >6 minutes 
after exercise are likely to have triple vessel disease. 
Subdivision of patients with horizontal ST segment 
depressian into those with early onset and late 
recovery times allows triple vessel disease to be diag- 
nosed with greater accuracy. Eleven (79%) of the 14 
patients with triple vessel disease and horizontal ST 
segment depression had early onset and late recov- 
ery times compared with only four (16%) of the 25 
with single or double vessel disease with horizontal 
ST segment depression. When these 14 patients 
were added to those patients in whom a downsloping 
configuration was a marker for triple vessel disease 
30 (90951 of the 33 patients with triple vessel disease 
and ST segment depression were correctly 


71dentifiedy-with. only 6 (15%) of the 39 patients with 


single and double vessel disease being misclassified. 


Detection of triple vessel disease 


Specific ST segment analysis can identify triple ves- 
sel disease more accurately than the simple presence 
of ST segment depression, which can only be 
regarded as a marker for the presence of myocardial 
ischaemia not its severity. 

Recent studies have shown a significant associ- 
ation between a poor systolic blood pressure 
response on exercise and subsequent cardiac mor- 
tality in patients after myocardial infarction.? 7 8 
This abnormal exercise response has been attributed 
to poor left ventricular function caused by a larger 
infarct.? The results of our study suggest that a poor 
blood pressure response on exercise is associated 
with triple vessel disease. This group of patients had 
a significantly lower blood pressure increase than 
patients with single or double vessel disease. This 
observation accords with previous studies.* !° 
Sullivan etal reported a significant association 
between a poor blood pressure response on exercise 
and multivessel disease.* Further, they observed no 
significant difference in the resting ejection fraction 
between those patients with a good blood pressure 
response and those with an inadequate blood pres- 
sure response, suggesting that this inadequate 
response was not a product of poor left ventricular 
function. These results suggest that a poor blood 
pressure response may be a function of increased 
myocardial ischaemia. 

No significant differences were seen in the peak 
heart rate attained on exercise by patients with 
single, double, and triple vessel disease. In patients 
with triple vessel disease, however, the increase in 
heart rate at the onset of significant ST segment 
depression was lower than in patients with single 
and double vessel disease. This suggests that 
patients with severe coronary artery disease increase 
their heart rate, and thus myocardial oxygen con- 
sumption, to a lesser extent before the onset of myo- 
cardial ischaemia. 

A low maximum heart rate has been shown to be 
significantly associated with multivessel disease in 
patients with stable angina.!! This association is not 
so clearly demonstrated in patients after myocardial 
infarction, mainly because there is left ventricular 
dysfunction. In contrast, Jennings etal reported a 
significant association between a high heart rate at 
peak exercise and subsequent cardiac mortality and 
suggested that this was indicative of left ventricular 
damage rather than the presence of myocardial 
ischaemia.” 

The distribution of patients with significant ST 
segment depression on exercise was not significantly 
different between patients on f blockers and those 
who were not. Furthermore, there was no significant 
difference in the increase in systolic blood pressure 
on exercise between the two groups. These results 
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suggest that f blockers did not have a significant 
effect on the ischaemic responses obtained on exer- 
cise. 

The aim of this study was to attempt to identify 
within the group of patients with ST segment 
depression those patients with triple vessel disease. 
'Theroux et al reported a one year mortality rate of 
25% in patients with exercise induced ST segment 
depression; only 2% of patients without ST segment 
depression died.! We studied only patients with ST 
segment depression or a poor haemodynamic 
response on exercise, and those who had symptoms 
or were young. Ideally coronary angiography would 
have been carried out on all patients to determine 
the distribution of vessel disease in patients with no 
ST segment depression. We did not consider this 
approach to be practical or ethical. The prevalence 
of triple vessel disease in the present study was sim- 
ilar to that previously reported.!? Additionally, 
Akhras etal in a study of 61 patients undergoing 
exercise testing and coronary angiography after 
uncomplicated myocardial infarction found that 43 
patients with multivessel disease had ST segment 
depression compared with only two patients with no 
ST segment depression.!? Furthermore, 89% of 
patients with triple vessel disease were found within 
the group with exercise induced ST segment 
depression.!* 

In an attempt to avoid the problems of 
differentiating between double and triple vessel dis- 
ease, comparative studies have identified patients as 
having either single or multivessel disease (double 
and triple vessel disease).* * Our results have clearly 
shown that as groups, patients with single, double, 
and triple vessel disease behave quite differently in 
terms of their electrocardiographic and hae- 
modynamic responses to exercise. À small propor- 
tion of patients with double vessel disease may, 
however, have exercise responses that resemble 
those of patients with triple vessel disease. Thus a 
clear distinction cannot be made between these 
patients and those with triple vessel disease—an 
indication of the difficulties of allocating some 
patients to separate coronary vessel disease groups. 

This study has shown that symptom limited exer- 
cise testing early after a myocardial infarction is an 
effective diagnostic technique for identifying 
patients with severe triple vessel disease. Although 
we have shown that the presence of ST segment 
depression alone is a poor indicator of the presence 
of triple vessel disease, specific analysis of the ST 
segment changes together with an assessment of the 
haemodynamic response to exercise can more accu- 
rately identify a group of patients who may be at 
high risk. The simplicity of this approach may be of 
particular relevance to district hospitals where there 
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are adequate facilities for exercise testing but where 
access to angiographic techniques is restricted and 
more accurate identification of patients with sus- 
pected triple vessel disease is needed. 
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Importance of angina for development of collateral 
circulation 


MASATOSHI FUJITA, SHIGETAKE SASAYAMA, AKIRA OHNO, 
HISAYOSHI NAKAJIMA, HIDETSUGU ASANOI 


From the Second Department of Internal Medicine, Toyama Medical and Pharmaceutical University, Sugitani, 
Toyama, Japan 


SUMMARY ‘The extent of collateral circulation in 46 patients who had intracoronary thrombolysis 
within six hours of the onset of acute myocardial infarction was evaluated. Patients who had had 
a previous myocardial infarction (4 cases) or who had spontaneously recanalised infarct related 
coronary arteries (5 cases) were excluded from the analysis. Collateral development was graded 
during coronary cineangiography according to the extent of opacification of the collateral and 
epicardial arteries distal to the site of occlusion (collateral index 0 to 3). Angina was considered 
to be present before myocardial infarction if it had occurred more than one week before acute 
myocardial infarction. Collateral channels were visible in only two of 19 patients without angina 
before infarction and nine of the 18 patients with angina before infarction. The prevalence of 
angina and the collateral index were not significantly influenced by the extent of coronary vessel 


disease. 


It is concluded that myocardial ischaemia is important in promoting collateral development in 


man as well as in laboratory animals. 


When myocardial ischaemia is caused by severe 
stenosis of a coronary artery it stimulates the devel- 
opment of collateral vessels between major coronary 
arteries.! ^ Some workers have attempted to relate 
the extent of the development of collateral channels 
to pre-infarction angina, which is indicative of myo- 
cardial inschaemia. 
less when the diseased arteries are not completely 
Obstructed.? In these circumstances, even if there are 
well developed collateral vessels, collateral flow and 
corresponding imaging of the collateral channels 
may be reduced. Thus collateral development in 
patients with myocardial infarction can only be eval- 
uated accurately when the diseased coronary arteries 
are occluded. We studied patients who were referred 
for intracoronary thrombolysis within six hours of 
the onset of a first myocardial infarction. We selected 
this group because severe myocardial ischaemia 
caused by coronary occlusion was likely to have pro- 
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* Collateral perfusion will be’ 


moted the development of coliaterals." ? We stud- 
ied coronary arteriograms obtained immediately 
after the onset of the symptoms of acute myocardial 
infarction to evaluate the effects of myocardial 
ischaemia on the development of collaterals in these 
patients. 


Patients and methods 


Over a five year period 46 patients with acute myo- 
cardial infarction were referred for intracoronary 
thrombolytic treatment within six hours of the onset 
of symptoms. The diagnosis of acute transmural 
infarction was established by the presence of acute 
chest pain lasting >30 minutes and persistent ST 
segment elevation with or without abnormal Q waves 
in the standard 12 lead electrocardiogram. We 
excluded four patients with a history of Q wave 
infarction and five with subtotal stenosis of an infarct 
related coronary artery. The remaining 37 patients 
(31 men and 6 women, mean age 62:5 (range 44-79) 
had occlusion of one of three major coronary arteries. 
Pre-infarction angina was defined as typical chest 
pain occurring more than one week before the acute 
myocardial infarction. Twenty one patients had an 
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anterior infarction and 16 had an infarction at other 
sites. Coronary artery disease (75094 reduction in 
luminal diameter) of one, two, or three vessels was 
found in 18, 10, and nine.patients respectively 
(table). 


CORONARY CINEARTERIOGRAPHY 

All patients undergoing selective coronary arte- 
riography in multiple projections by Judkins’ or 
- Sones’ techniques signed consent forms approved by 
the university ethics committee. We used a 6 inch 
Toshiba image intensifier and a 35 mm Ariflex cine 
camera for arteriography. Two observers who were 
unaware of the presence or absence of pre-infarction 
angina in individual patients assessed the cine- 
angiograms and reached a consensus. They classified 
the degree of opacification of the collateral and epi- 
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cardial arteries into four grades (collateral index): 0, 
none; 1, filling of side branches of the artery to be 
perfused via collateral vessels without visualisation 
of the epicardial segment; 2, partial filling of the 
epicardial segment via collateral vessels; 3, complete 
filling of the epicardial segment via collateral vessels. 


STATISTICAL ANALYSIS 

We used the x? test to analyse differences between 
proportions. When necessary we also used Student's 
t test and analysis of variance. A p value of «0:05 
was regarded as statistically significant. Results are 
given as mean (SE). 


Results 


Eighteen patients (group 1: 60-2 (2-0) years old) had 


Table Data on 37 patients undergomg intracoronary thrombolysis within six hours of the onset of acute myocardial 








fnfarction 
Sagment* and extent of coronary 
stenosis (961 
Time (h) 
Case Age (yr) Sex until CAG Site of MI RCA LAD LOX CI 
Group 1 
1 52 M 2 Ant — 6:100 — 0 
2 64 M 3 Ant — 7:100 — 0 
3 62 M 5 Ant — 6:100 — 1 
4 45 M 2 Ant — 6:100 — 1 
5 72 M 2 Ant — 5:100 — 1 
6 64 M 5 Ant — 6:100 — 2 
7 44 M 4 Ant — 7:100 — 2 
8 56 M 4 Ant 1:90 7.100 — 0 
9 69 F 4 Ant — 7:100 11.50 0 
10 69 M 6 Ant — 7:100 11:50 0 
11 57 M 2 Ant — 6 100 12:90 0 
12 55 M 5 Ant — 6:100 11:100 2 
13 60 M 6 Inf 3:100 — — 0 
14 60 M 6 Inf 4PD:100 — 13 50 1 
15 75 M 2 Inf 3:100 675 12:75 2 
16 62 F 5 Inf 3:100 7:50 11:50 3 
17 65 M 2 Post 4PD' 75 750 11:100 0 
18 52 M 5 RV 1.100 — 0 
Group 2 
1 46 M 5 Ant — 6:100 — 0 
2 56 M 6 Ant — 6 100 — 0 
3 76 M 4 Ant — 6:100 — 0 
4 71 M 2 Ant — 6:100 — 0 
5 58 F 6 Ant — 7:100 — 2 
6 66 M 4 Ant 1:50 6:100 — 0 
7 59 M 6 Ant 4PD 75 6:100 — 0 
8 79 F 6 Ant — 6:100 12:99 0 
9 73 M 5 Ant 3:50 7:100 12:50 0 
10 47 M 6 Inf 2.100 — — 0 
11 60 M 5 Inf — — 13:100 0 
12 61 M 2 Inf 3:100 — — 0 
13 68 M 3 Inf and Post — — 13:100 0 
14 53 M 4 Inf — 7:75 15:100 0 
15 72 F 5 Inf 1:50 6:75 13:100 0 
16 57 M 4 Inf 1:100 8:90 1175 0 
17 78 M 3 Inf 1:100 7:50 13.90 0 
18 73 F 6 Infand RV 1100 7:100 12:90 0 
19 74 M 4 2100 9:75 13:75 1 


E — M —— 
Ant, anterior infarction; CAG, coronary arteriography, CI, collateral index, Inf, inferior infarcnon, LAD, left anterior descending coronary 
ocardial 


artery, LCX, left circumflex coronary artery, MI, my 


infarcuon; PD, posterior descending coronary artery; Post, posterior 


infarction; RCA, right coronary artery; RV, nght ventricular infarction. 
*Coronary artery segments were identified and categorised according to a reporting system proposed by the American Heart Association, !* 


Group 1 had pre-infarction angina and group 2 did not. 
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pre-infarction angina and the remaining 19 patients 
(group 2, aged 64-6 (2-3)) had not reported angina 
before infarction (table). Coronary arteriography 
was carried out 3-9 (0-4) hours after the onset of acute 
myocardial infarction in group 1 and 4 5 (0-3) hours 
in group 2 (table). 

The prevalence of pre-infarction angina was not 
influenced by the site of infarction. Pre-infarction 
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angina was reported in 12 (57%) of 21 patients with 
anterior infarction and six (38%) of 16 with 
infarction at other sites. The proportion of patients 
with angina was similar whatever the extent of coro- 
nary vessel disease (9/18 (50%) in one vessel disease; 
6/10 (60%) in two vessel disease; 3/9 (33%) in three 
vessel disease). 

The presence of pre-infarction angina was the fac- 
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Fig] Collateral visualisation and collateral index m patients with or without 


pre-infarction angina pectoris. 
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Fig2 Collateral visualisation and collateral mdex in patients with anterior 
infarction and 1n those with infarction at other sites. 
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Fig3 Collateral visuahsation and collateral index tn patients with the various 
degrees of severity of coronary vessel disease. 


tor that was most strongly associated with the devel- 
opment of collateral vessels. Collateral channels 
were visualised in nine (50%) of 18 patients with 
pre-infarction angina (group 1) and in only two 
(11%) of 19 patients without (group 2) (p < 0-05). 
The collateral index was significantly higher in 
group 1 (0-8 (0-2)) than in group 2 (0-2 (0-3)) (fig 1). 

'The site of infarction did not significantly affect 
the proportion of patients showing collateral 
opacification. This was seen in seven (33%) of the 21 
patients with anterior infarction and in four (25%) of 
the 16 with infarction of other sites. The collateral 
index was also similar in both groups (0:5 (0-2) vs 0-4 
(0-2)) (fig 2). 

The proportion of patients 1n whom collateral flow 
was visualised was similar in groups with one vessel 
disease (6/18, 33%), two vessel disease (2/10, 20%), 
and three vessel disease (3/9, 3395). These groups 
also had similar collateral indexes (0-5 (02), 0:3 
(0-2), and 0-7 (0 4) respectively) (fig 3). 


Discussion 


Some patients with occlusion of one or more of major 
coronary arteries do not experience myocardial 
ischaemia at rest because an adequate blood supply 
is maintained through well developed collateral 
channels.!° Other groups have emphasised tbe 
importance of collaterals in preserving left ventricu- 
lar function after acute myocardial infarction.? ! ! !? 
Little is known, however, about collateral devel- 
opment at the onset of myocardial infarction. 


There are conflicting reports on the relation 
between preceding-angina and of the prevalence of 
collateral development after acute myocardial 
infarction.! ^ Aygen reported that 70 out of 81 
patients with the history of pre-infarction angina had 
adequate collaterals, whereas only five of 19 patients 
without pre-infarction angina showed collaterals.* 
Aygen may have seen more collaterals in his patients 
than we saw in our group because the interval 
between the onset of acute infarction and coronary 
angiography was longer than in our study.? 

We examined our patients by coronary arte- 
riography within six hours of the development of 
severe anterior chest pain. Schaper etal demon- 
strated that it takes at least eight hours for cells in the 
collateral vessels to start proliferating after the 
abrupt occlusion of canine coronary arteries.'? 
Therefore, it seems unlikely that collateral channels 
will develop if severe myocardial ischaemia is short 
lived. Thus it seems reasonable to suggest a relation 
between pre-existing myocardial ischaemia and the 
extent of collateral circulation during the acute phase 
of myocardial infarction. 

Williams etal also reported that five of nine 
patients with pre-infarction angina had adequate 
collaterals whereas only one of 11 patients without 
angina before infarction had angiographic evidence 
of adequate collaterals.? Although the frequency 
with which collaterals were visualised in their study 
resembled our findings, their results must be inter- 
preted with caution because the interval of 15 days 
from the onset of acute infarction to cardiac cath- 
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eterisation may well have permitted collateral devel- 
opment. On the other hand, 11 of their 20 patients 
had subtotal obstruction of the infarct related coro- 
nary artery. When the collateral circulation is 
assessed in the absence of total obstruction of the 
diseased coronary artery, collateral function may be 
underestimated. Indeed, Rentrop etal showed that 
the visualisation rate of collateral vessels was sub- 
stantially increased by the complete occlusion of the 
coronary artery by an angioplasty balloon. These 
two factors will have had opposing effects on col- 
lateral visualisation in the study of Williams et al.’ 

In our study half of the patients with pre- 
infarction angina had well developed collaterals. In 
those who did not, stenosis of an artery supplying the 
collateral vessel could have reduced the pressure gra- 
dient across the collateral network and hence col- 
lateral perfusion. This was not the case in these 
patients, however, because there were no differences 
in the severity of coronary atherosclerosis between 
patients with and without collaterals. Moreover, the 
frequency of angiographically displayed collaterals 
was similar for anterior infarcts and infarcts of other 
sites. Consequently, these variations in developing 
collaterals appear to be related to disparities in indi- 
vidual responsiveness to ischaemic stimulation or 
differences in total amount of myocardial ischaemia. 

Seventeen of 19 patients without pre-infarction 
angina had no angiographically visualised 
collaterals. The prognosis of patients without 
collaterals at the time of acute myocardial infarction 
18 worse than that in those with well developed col- 
laterals.’ 1! 12 Accordingly, the prevention of the 
factors initiating myocardial infarction must be of 
particular importance in managing patients with 
minimum ischaemic symptoms. 
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What proportion of patients with myocardial 
infarction are suitable for thrombolysis? 


NEIL MURRAY, JOHN LYONS, CLIVE LAYTON, RAPHAEL BALCON 
From the Department of Cardiology, London Chest Hospital, London 


SUMMARY Four hundred and three patients were considered for entry into a trial of intravenous 
streptokinase in suspected myocardial infarction. Three hundred and sixty seven (9195) were 
excluded. Two hundred and sixty (65%) did not meet the inclusion criteria and 45 of the remain- 

ing 143 (35%) patients had contraindications to thrombolysis. This left 98 (2495) patients who 
were suitable for thrombolysis and 42 of them were over 70 years, the upper age limit. Thus 
according to this trial protocol 56 (14%) patients were eligible for recruitment; 36 (9%) patients 
were finally randomised. These data suggest that treatment with intravenous streptokinase may 
be applicable to only a small proportion of patients with myocardial infarction. 


Experimental work has shown that early reperfusion 
after coronary artery occlusion limits myocardial 
damage.! For this reason there is much current 
interest in the use of thrombolysis in the manage- 
ment of acute myocardial infarction. Reperfusion of 
the infarct related coronary artery by a direct intra- 
coronary infusion of agents such as streptokinase 
occurs in approximately 75% of patients.? ^ Some 
studies have shown improvement in left ventricular 
function? and short term survival. The application 
of intracoronary thrombolysis is, however, limited 
because it requires facilities for emergency coronary 
angiography, which are not widely available, partic- 
ularly outside normal working hours. 

Intravenous administration of a thrombolytic 
agent is a more practical approach. Early studies of 
24 hour infusion regimens produced inconsistent 
results? ? and this treatment was not generally 
accepted. More recent trials have shown that high 
dose infusions of shorter duration produce a rate of 
clot lysis of approximately 609/,?—a4 rate that is only 
slightly lower than that obtained with intracoronary 
administration. Indeed, some workers believe that 
ultimately clot lysis may occur as frequently with 
intravenous as with intracoronary administration.? ? 
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Good responses in left ventricular function!® and 
short term. survival!! have been achieved by both 
methods. Intravenous administration has, therefore, 
been put forward as a technique that could be gener- 
ally applied in clinical practice. 

Certain problems may limit the use of throm- 
bolytic treatment. Firstly, patients must be selected 
with care if haemorrhage and hypersensitivity are to 
be avoided. Secondly, thrombolysis should probably 
be performed within six hours of the onset of 
symptoms! if myocardial salvage is to be achieved. 
Even in well equipped centres treatment will be 
delayed to allow for the coronary angiography that is 
required before intracoronary thrombolysis can be 
performed. The inverse relation between the 
amount of myocardial salvage and the time between 
coronary occlusion and clot lysis makes the intra- 
venous route more attractive. Prehospital delays 
may, however, be as important as 1n hospital ones, 
and they apply equally to intravenous and intra- 
coronary administration. Thus it may be that 
although intravenous thrombolysis has been widely 
advocated, it may not be as applicable as was at first 
thought. 

We are currently engaged in a multicentre trial to 
investigate the role of high dose intravenous strep- 
tokinase in suspected myocardial infarction. We 
report the reasons for the exclusion of patients from 
the trial. T'his should indicate the proportion of 
patients with suspected myocardial infarction who 
will be suitable for thrombolysis. 
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What proportion of patients with myocardial infarction are suitable for thrombolysis? 


Patients and methods 


All patients presenting with a clinical diagnosis of 
suspected myocardial infarction were considered for 
entry into the trial. The inclusion criteria were (a) 
chest pain suggestive of myocardial infarction, (b) 
admission to hospital at such a time that treatment 
could begin within six hours from the onset of symp- 
toms, and (c) the presence on the electrocardiogram 
of 1mm ST segment elevation in the standard leads 
or 2mm in the precordial leads on admission and at 
least 30 minutes after the onset of symptoms. 

Exclusion criteria were: (a) cerebrovascular dis- 
ease; (b) history of peptic ulceration or other disease 
with bleeding tendency; (c) blood pressure > 
180/110 mm Hg on admission; (d) surgical treat- 
ment within the previous four weeks; (e) cardio- 
pulmonary resuscitation or central vascular cannu- 
lation before treatment started; (f) previous entry 
into the trial or previous treatment with strep- 
tokinase; (g) valvar heart disease with atrial 
fibrillation; () diabetes for which insulin treatment 
had been started before the patient was 30; (i) anti- 
coagulant treatment; (j) current pregnancy; (k) age 
> 70 years. These exclusion criteria were chosen to 
avoid the predictable complications of streptokinase 
and they are standard for a trial of this nature. The 
reasons for the exclusion of patients were examined. 
Patients could have had more than one reason for 
exclusion. Thus the inclusion criteria were consid- 
ered first, in the order stated, and we considered the 
exclusion criteria only in those patients in whom all 
the inclusion criteria were fulfilled. Exclusion 
criteria were also considered in the order stated. 
Once we knew of one reason for a patient to be 
excluded we did not seek further reasons. 


Results 


During the period October 1984 until June 1985 403 
patients (277 men and 126 women) presented to the 
participating centres with a clinical diagnosis of 
suspected acute myocardial infarction and were 
considered for entry into the trial (figure). The mean 
age of the patients was 66-2 years (men 63-7 and 
women 71-2, range 24—92). 

Two hundred and sixty (65%) patients did not 
meet the inclusion criteria: 19 (595) reported atypi- 
cal symptoms despite a clinical diagnosis of sus- 
pected myocardial infarction, 157 (39%) presented 
more than six hours after the onset of symptoms, 
and 84 (21%) did not demonstrate the required elec- 
trocardiographic changes. 

Forty five of the 143 patients who did fulfil the 
inclusion criteria had specific contraindications to 
thrombolysis as defined by the trial protocol (table 
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Inclusion criteria 
not fulfilled 





Figure Reasons for exclusion of patients from a trial of 
intravenous streptokinase in myocardial infarction 


1). The most important reasons for exclusion were 
history of peptic ulceration, systemic hypertension, 
and resuscitation. 

Thus 98 (24%) patients were suitable for throm- 
bolysis. Of these, 42 were over the age of 70 years 
and were excluded on this criterion alone. There- 
fore, 56 (14%) patients were eligible for 
recruitment. Finally 36 (9%) were recruited. The 
reasons for the exclusion of the remaining 20 were 
inability to obtain consent in six patients, cardiac 
arrest before randomisation in two, and local admin- 
istrative reasons ın twelve. 


Discussion 


These data suggest that only a small proportion of 
patients with acute myocardial infarction are suit- 
able for thrombolysis if the criteria used in this 
study are applied. This has two implications. First, 
any conclusions about efficacy of thrombolysis can 
only be applied to this group of patients. Secondly, 
if thrombolysis becomes clinically useful it may be 
inappropriate for over three quarters of all patients 
with myocardial infarction. This does not reduce the 


Table 1 Patents excluded because of contraindtcations to 
thrombolysis 








Contraindication No patients 
Cerebrovascular disease 5 
Pepuc ulcer/bleeding 10 
Blood pressure > 180/110 mm Hg 13 
Recent operation 1 
Resuscitanon 12 
Previous streptokinase 0 
Valve disease 0 
Diabetes 2 
Anticoagulants 2 
Pregnancy 0 
"Total 45 
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value of thrombolysis in patients who are suitable 
and in whom it may prove to be very useful. 

The problem of patient recruitment is common to 
many thrombolysis trials. Khaja et al recruited 54 
(18%) of a possible 305 patients into a trial of intra- 
coronary streptokinase.!? There was no upper age 
limit in this protocol, although patients had to 
present within six hours of the onset of symptoms. 
The European cooperative trial of intravenous 
streptokinase, published in 1979, set a time limit of 
12 hours from symptom onset and required a birth- 
date of 1900 or later for inclusion. These workers 
stratified 512 (22%) of 2338 patients and finally ran- 
domised 315 (13-594). In the treatment group there 
were 31 patients (12 streptokinase, 19 placebo) in 
whom the 12 hour limit was exceeded. A recent 
study by Sainsous et al reported that of 1105 
patients with myocardial infarction 175 (15:896) 
were suitable for intravenous thrombolysis.!? 

Low recruitment rates are a feature of other 
infarct intervention studies. Lie et al recruited 29% 
of all patients with infarcts into a trial of lig- 
nocaine,!^ Yusuf et al randomised 10-20% of all 
possible patients into a trial of atenolol,!> and 
Muller et al recruited 8% into a study of nif- 
edipine.!® Contraindications to treatment varied in 
the trial protocols but important factors for the low 
recruitment rates in all these trials were the age of 
the patients and the time taken for them to present. 

Attempts to widen the application of thrombolysis 
could be aimed at the reasons for exclusion of 
patients as described above. If the treatment is to 
remain safe, however, the number of patients with 
contraindications to specific treatments with 
different thrombolytics is unlikely to be reduced. 
Recruitment would be improved if a thrombolytic 
agent with fewer side effects could be developed. 
There is a great deal of interest in new agents, par- 
ticularly tissue plasminogen activator. Tissue plas- 
minogen activator is claimed to have very little sys- 
temic effect. Early results, however, show an 
incidence of haemorrhage similar to that with high 
dose streptokinase. !” It would be difficult, therefore, 
to use tissue plasminogen activator in patients with 
almost any one of our exclusion criteria. Hyper- 
sensitivity will not be a problem because tissue plas- 
minogen activator is not antigenic; but nor is strep- 
tokinase if patients are  premedicated with 
hydrocortisone. 

Reducing the time taken for patients to present 
would be important. Sainsous et al reported a mean 
in hospital delay of 10-3 (10-5) hours; patients 
presenting more than 48 hours after infarction were 
excluded.!? This delay could be reduced by patient 
education and the use of mobile coronary ambu- 
lances. Public education in cardiopulmonary 
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Table2 Patzents excluded on the grounds of age alone 
( cumulative frequency ) 





Upper age (yr) Additional number of patients satable 





3 
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resuscitation may also increase the number of so 
called “sudden death survivors" who may prove 
suitable foz thrombolysis.? 

The question of age is complex. The upper age 
limit for this study was 70 years. Forty two patients 
were excluded on the basis of age alone. If the upper 
age limit were to be raised to 75 years a further 18 
patients would be recruited (table 2). By raising it to 
80 years a total of 34 extra patients would be eligible 
for the trial, thus increasing the proportion of suit- 
able patients to 22%. This may be a useful way of 
improving recruitment if it is shown that long term 
survival is improved by thrombolysis alone and that 
the incidence of complications is no higher in this 
older age group. If future studies indicate that sur- 
vival after thrombolysis can only be improved by 
subsequent coronary angioplasty or bypass grafting 
it might be inappropriate to consider this treatment 
in patients over the age of 70 because surgical inter- 
vention is usually considered in these patients only 
when angina is severe. A recent study from Ver- 
heugt et al has.indicated that haemorrhage is more 
frequent after intracoronary thrombolysis in 
patients over the age of 60.?? If this trend applies 
over the age of 70 then this consequence would also 
have to be considered. 

We believe, therefore, that although throm- 
bolysis, with or without subsequent angioplasty or 
surgery, may lead to improved long term survival, 
this treatment may be applicable to only a small pro- 
portion of patients with myocardial infarction. 
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Diurnal variation in left ventricular function: a study 
of patients with myocardial ischaemia, syndrome X, 
and of normal controls 
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SUMMARY Angina can occur in the early morning. The mechanism of this is unclear and both 
haemodynamic changes and coronary artery spasm may be important. The purpose of this study 
was to investigate the diurnal variation in pulmonary artery diastolic pressure (an indirect mea- 
sure of left ventricular filling pressure) in six normal subjects, 18 patients with coronary artery 
disease, five with variant angina, and six with syndrome X. A transducer tipped catheter and a 
simple recording system were used to record ambulatory pulmonary artery diastolic pressure for 
24 hours. Variation in pulmonary artery diastolic pressure was related to the timing of episodes 
of ST segment depression and elevation by simultaneously recording a frequency modulated 
electrocardiogram. Episodes of ST segment change occurred predominantly in the early morning 
(midnight to 6 am) in variant angina (eight out of 14 episodes) whereas in syndrome X all episodes 
were recorded during the day. In coronary artery disease both painful and painless episodes were 
distributed throughout the day, with 10 out of 67 episodes occurring between midnight and 6 am. 
A similar diurnal variation in pulmonary artery diastolic pressure was seen in the groups—that is, 
values were low during the day and higher at night, with the maximum values between midnight 
and 6am. The 24 hour median pulmonary artery diastolic pressure was higher in patients with 
coronary artery disease than in the control group and those with syndrome X. 

The finding that pulmonary artery diastolic pressure, and therefore left ventricular end 
diastolic pressure, is greatest in the early morning may represent the background haemodynamic 
state in which other factors lead to myocardial ischaemia during these hours. 


There is a well described diurnal variation in several 
physiological variables such as blood pressure, heart 
rate, cortisol, and catecholamines.!^^ This may 
have adverse consequences; for example myocardial 
infarction and cerebral infarction both show diurnal 
variation.5 Angina may occur not only when the 
patient is active through the day but also in the 
early hours of the morning./ ? Various patho- 
physiological mechanisms have been proposed, 
including an increase in myocardial oxygen con- 
sumption in patients with severe coronary artery 
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disease and coronary spasm in patients with variant 
angina.!?!! Angina decubitus, first described by 
Heberden, is probably caused by increased left ven- 
tricular filling pressure secondary to increased 
venous return when the patient lies down in bed.!? 
It has not been possible previously to investigate the 
importance of left ventricular filling pressure as a 
mechanism of myocardial ischaemia. 

We have developed a technique for recording 
ambulatory pulmonary artery diastolic pressure.!? 
This provides a means of assessing left ventricular 
filling pressure in normal subjects and patients with 
ischaemic heart disease during unrestricted activity. 
'The purpose of this study was to determine whether 
there is diurnal variation in left ventricular filling 
pressure, because this may have an important bear- 
ing on the pathophysiological mechanisms of noc- 
turnal angina. 
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Diurnal variation in left ventricular function 
Patients and methods 


We studied 29 patients (28 men, 1 woman). All were 
shown on the basis of clinical history and coronary 
angiography to have various coronary ischaemic 
syndromes. Eighteen patients had atherosclerotic 
coronary artery disease (mean (SD) age 57 (11) 
years), five patients had variant angina (mean age 51 
(8) years) and six patients had syndrome X (mean 
age 48 (12) years). 

Normal controls—Six control subjects (5 men, 1 
woman) were studied (mean age 39 (6:6) years). 
These subjects presented with atypical chest pain; 
they had negative exercise tests and normal coronary 
arteries at angiograpby. The results of 24 hour 
ambulatory ST segment monitoring was entirely 
normal. 

Coronary artery disease—All had angiographic evi- 
dence of coronary artery disease: 14 had three vessel 
disease, three had two vessel disease, and one had 
single vessel disease. 

Variant angina—These patients had clinical, and 
angiographic or electrocardiographic evidence or 
both of coronary artery spasm: one had normal coro- 
nary arteries and four had coronary artery disease. 
Syndrome X—These were patients who gave a his- 
tory of chest pain but were shown to have normal 
coronary arteries despite a positive exercise test with 
at least 1mm ST segment depression recorded on 
exercise. 

All antianginal medication other than glyceryl tri- 
nitrate was discontinued at least 48 hours before the 
study. The pulmonary artery pressure was moni- 
tored for at least 24 hours and where possible for up 
to 48 hours. The frequency modulated ST segment 
was monitored throughout this period. 

The study was approved by the ethics committee 
and the patients gave their informed consent. 

'The transducer tipped pulmonary artery catheter 
was introduced percutaneously via the subclavian 
vein to a proximal pulmonary artery under 
fluoroscopic control in the cardiac catheter labora- 
tory when the patient had cardiac catheterisation. A 
polyurethane six French NIH type catheter with a 
miniature strain gauge transducer mounted on the 
tip was used. The transducer was driven and 
demodulated by an electrically isolated Gaeltec 
amplifier. Pulmonary artery pressure was recorded 
on an Oxford Medilog 1 miniature tape recorder that 
had been modified by the insertion of an AM4 pres- 
sure module. 

The ST segment was monitored on a frequency 
modulated recorder and leads CM2 and CM5 were 
recorded. The electrocardiogram was replayed on an 
Oxford MA20 scanner. Changes in the ST segment 
were measured 80 ms after the J point. A change of 
lmm ST segment depression was considered 
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significant. The heart rate and ST segment changes 
were analysed on a beat to beat basis for five minutes 
before each episode and again for five minutes after 
the ST segment had returned to basal levels. 

Patients were then asked to perform normal daily 
activities and were fully ambulant during the 24 
hours of recording. Patients kept diaries during the 
period that ambulatory pulmonary artery pressure 
and the ST segment were monitored. The pul- 
monary artery pressure trace was replayed via a PB2 
unit and a PM3 amplifier. Recordings of the pul- 
monary artery diastolic pressure were displayed on 
ultraviolet paper and measured with a calibrated 
scale from a zero reference point. The pulmonary 
artery diastolic pressure was measured every fifteen 
minutes throughout the 24 hour period for each 
patient. For the purposes of analysis and display, 
values were normalised by expressing them as a ratio 
of the 24 hour mean pulmonary artery diastolic pres- 
sure for that patient. 

Wilcoxon rank sum testing was performed on 
both the ratios and the absolute values. 


Results 


The table shows the 24 hour changes in pulmonary 
artery diastolic pressure for each group of patients. 
In each individual patient the mean pulmonary 
artery diastolic pressure over 24 hours was calcu- 
lated and analysis was performed both on ratios and 
on absolute values. The statistical results were the 
same by both methods of calculation. For the pur- 
pose of clarity only the ratios are presented. 
Normal controls—Figure 1 shows the diurnal vari- 
ation in pulmonary artery diastolic pressure. Pul- 
monary artery diastolic pressure was significantly 
higher between midnight and 6am than during the 
remainder of the 24 hours (p < 0:01). 

Coronary artery disease—Figure 2 shows the diurnal 
variation in pulmonary artery diastolic pressure in 
the 18 patients with coronary artery disease. Again 


Table Twenty four hour median (range) pulmonary artery 
diastolic pressure for normal controls, patients with coronary 
artery disease, coronary artery spasm, and syndrome X 





24 hour 
Number of artery diastolic pressure 
patients (mm Hg) 
Normal controls 6 4 3 (2-1-7-6) 
Coronary artery disease 18 8:1 (2 5-12 3" 
Variant angina 5 4-7 (3 3-16 3 
Syndrome X 6 29(15-5'Df 


*Patients with coronary artery disease had a greater median pul- 
monary artery diastolic pressure than the controls (p < 0 05) 
tPulmonary artery diastolic pressure was lower in patients with 
syndrome X than in those with coronary artery disease (p < 001) 
but similar to that in controls. 
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Fig 1 Diurnal variation of pulmonary artery (PA) diastolic pressure m six normal subjects. Pulmonary 

artery diastolic pressure was significantly higher at night (p « 0-01). Pulmonary artery diastolic pressure 
was measured throughout the 24 hour period for each patient and the values were normalised by expressing 
them as a ratio of the 24 hour mean pulmonary artery diastolic pressure for each patient. Mean pulmonary 
artery diastolic pressure (SD) is shown. 
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Fig2 Diurnal variation of pulmonary artery diastolic pressure in 18 patients with coronary artery disease. 
Pulmonary artery diastolic pressure was significantly higher at mght (p < 6-01). See legend to fig 1. 
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Fig3 Diurnal variation of pulmonary artery diastolic pressure in five patients with coronary artery 
spasm. Pulmonary artery diastolic pressure was significantly higher at mght (p < 0-01). See legend to fig 1. 
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Fig4 Diurnal variation of pulmonary artery diastolic pressure in six patients with syndrome X. 
Pulmonary artery diastolic pressure was significantly higher at night (p < 0-01). See legend to fig 1. 
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there was a significant rise in the pulmonary artery 
diastolic pressure between midnight and 6am (p « 
0-01). Ten of the total of 67 episodes of ST segment 
depression occurred during this six hour period. 
The 24 hour median pulmonary artery diastolic 
pressure in patients wth coronary artery discase 
(8-1 mm Hg, range 2:5-12:6) was greater than that in 
the control group (median 43mmlHg, range 
2-1-7:6) (p < 0:05). 

Variant angina—Figure 3 shows the diurnal vari- 
ation of pulmonary artery diastolic pressure in the 
five patients with variant angina. There was a 
significant rise in pulmonary artery diastolic 
pressure between the hours of midnight and 6am 
(p < 001). In this group there were eight episodes 
of ST segment elevation between midnight and 6am 
and six episodes at other times. 

Syndrome X—Figure 4 shows the diurnal variation 
in pulmonary artery diastolic pressure in patients 
with syndrome X. There was a significant rise in 
pulmonary artery diastolic pressure between the 
hours of midnight and 6am (p < 0-01). All episodes 
of ST segment depression occurred during the day 
when the patients were exercising. The 24 hour 
median pulmonary artery diastolic pressure was 
lower in patients with syndrome X (2-°9mmHg, 
range 1-5—2:7) than those with coronary artery dis- 
ease (median 8-1 mm Hg, range 2-5—12-6) (p < 0-01) 
but did not differ from that in the control group. 


Discussion 


Various mechanisms have been proposed to explain 
the precipitation of angina pectoris in patients with 
coronary artery disease. Angina pectoris is usually 
regarded as being the result of an increase in myo- 
cardial oxygen demand; however, recently alter- 
ations in coronary tone have been emphasised.'° +4 

At night patients with severe coronary disease 
often have an increase in heart rate before the onset 
of ST segment depression and the development of 
angina, possibly due to alterations in the phase of 
sleep associated with turning in bed, rapid eye 
movement sleep, and dreaming.!!57!? This 
increase in heart rate is, however, often less than that 
required to precipitate angina during the day. In 
such circumstances it has been suggested that an 
increase in coronary artery tone, possibly due to 
increased vagal activity, is also important.'* Platelet 
ageregation will cause the release of thromboxane 
A4, which is a potent vasoconstrictor; studies have 
shown a reduction in nocturnal myocardial 
ischaemia when platelet inhibitors are given.!? 

It has long been known that dilatation of the left 
ventricle!? and increase in left ventricular filling 
pressure?? are early events after myocardial 
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ischaemia and will increase myocardial oxygen 
demand. To some extent this has been ignored as a 
mechanism of angina pectoris because of the 
difficulties of investigating this phenomenon. In 
previous studies of the haemodynamic changes in 
patients with angina fluid filled catheters have been 
used and the studies have been performed either in 
the catheter laboratory or coronary care unit.?? ?! 
The use of a transducer tipped catheter has avoided 
the problems of a fluid filled system, such as a low 
resonant frequency and the need for a transducer- 
perfusion unit with a constant zero reference 
point.!3 2223 

In this study we have been able to measure the left 
ventricular filling pressure indirectly by measuring 
pulmonary artery diastolic pressure in ambulant 
subjects. Patients with coronary artery disease had a 
higher 24 hour median pulmonary artery diastolic 
pressure than the control group and patients with 
syndrome X. 

For the first time a diurnal variation in the left 
ventricular filling pressure has been demonstrated. 
At night there were significant increases in left ven- 
tricular filling pressure in all groups of patients. The 
rise was less in patients with coronary artery disease 
than in the other groups though this difference is not 
significant. When a person lies down both pul- 
monary blood flow and pulmonary blood volume 
increase because of increased venous return.?^ 25 It 
is therefore not surprising that we saw a diurnal 
rhythm in left ventricular filling pressure; however, 
the nocturnal rise occurred several hours after lying 
down. The rise in pulmonary artery diastolic pres- 
sure is unlikely to be due to myocardial ischaemia 
because it was seen in all groups. Episodes of noc- 
turnal ischaemia are short lived whereas the rise in 
left ventricular filling pressure occurs gradually and 
lasts the whole night. The nocturnal rise in left ven- 
tricular filling pressure may be important in provid- 
ing the setting for alterations in coronary tone or 
myocardial oxygen demand in patients with and 
without coronary artery spasm. It may also have 
important therapeutic implications because drugs 
that reduce left ventricular filling pressure such as 
nitrates may be particularly beneficial. 


We thank the Clinical Research Committee of the 
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SUMMARY M mode echocardiography was used in 10 normal subjects to study left ventricular 
dimension and function variables at identical heart rates during tachycardia induced by supine 
bicycle exercise or atrial pacing. Echocardiographic data were analysed independently by two 
observers. The maximum heart rate reached during atrial pacing was lower (mean (1SD) 148 (17) 
beats/min) than that reached during exercise (mean (1SD) 167 (14) beats/min). The left ventric- 
ular end diastolic dimension was greater before supine exercise than before atrial pacing, probably 
as a result of leg raising. At each graded exercise step the end diastolic dimension remained greater 
than during atrial pacing and the differences became progressively greater with increasing heart 
rates. The left ventricular end systolic dimension was not significantly different at each step during 
the two stresses. During recovery the end systolic dimension was significantly smaller after 
exercise than at corresponding heart rates induced by atrial pacing. Left ventricular function 
indices—fractional shortening and peak rates of left ventricular systolic and diastolic dimensional 
change—were significantly higher during exercise than during atrial pacing and the differences 
increased with heart rate. 

It is concluded that (a) the intervention used to change heart rate has an important effect on 
M mode echocardiographic left ventricular dimensions; (5) indices of left ventricular performance 
increase progressively during exercise and differ from those measured at the same heart rate 
during atrial pacing; (c) it isimportant to consider heart rate, stroke volume, and loading condi- 
tions when reference values are used and when the effects of a particular stress are to be inter- 
preted. 


Adaptation of the cardiovascular system to dynamic 
exercise results from integrated mechanisms includ- 
ing an increase in heart rate and contractility, 
changes in preload and afterload, and a decrease in 
peripheral resistance.! Echocardiography permits 
non-invasive assessment of left ventricular size and 


Requests for reprints to Dr Luc A Piérard, Univermté de Liége,, 
Service de Cardiologie, Boulevard de la Constitunon 59, B-4020 


Liége, Belgium. 
Present addresses: *Department of Cardiology, Insutute of 


Medicine, University Hospital, Liège, Belgium; fUniversity of 
Rochester Medical Center, Rochester, New York 14642, USA. 


Accepted for pubbcation 13 October 1966 


— 


function in subjects at rest? Exercise echo- 
cardiography has the important advantage of allow- 
ing continuous measurement of left ventricular 
function variables before, during, and immediately 
after exercise. Different types of stress and exercise 
have been studied echocardiographically, including 
isometric  exercise*; handgrip®; and bicycle 
ergometer exercise in supine,” 6 i 
sitting,’ and upright positions.* 1° !! 

M mode echocardiographic variables of the left 
ventricle are known to vary with heart rate,!? !? but 
differences due to separate interventions have not 
been compared in the same subjects. The aim of the 
present study was to analyse left ventricular function 
at identical heart rates induced by supine bicycle 
exercise and atrial pacing. 
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Heart rate and left ventricular function 


Subjects and methods 


STUDY POPULATION 

We studied ten healthy volunteers (medical stu- 
dents; mean age 24, range 20-41) with resting M 
mode echocardiograms of excellent quality. All had 
a normal history, physical examination, resting and 
exercise electrocardiogram, and chest xray. We 
obtained informed consent from all of them. The 
subjects were not required to fast before the tests; 
hence studies were performed with normal volume 
loading of the left ventricle. 


BICYCLE EXERCISE STRESS TEST 

The 10 subjects lay supine on a table in a slightly left 
lateral position and were fixed at the shoulder level. 
They pedalled a bicycle ergometer at 60 
revolutions/min. The initial workload was 50 W for 
three minutes; this was increased by 25 W every 
three minutes until the subject was exhausted. The 
mean (1SD) duration of exercise was 22 (3) minutes 
and the maximal workload was 212 (30) W. 

M mode echocardiograms were recorded before 
exercise with the subject's feet elevated in the cycling 
position, at the end of each three minute exercise 
period, and every minute during recovery. The heart 
rate was measured on the simultaneously recorded 
electrocardiogram. Brachial blood pressure was 
measured every minute with a mercury sphyg- 
momanometer. 


ATRIAL PACING STRESS TEST 

The day after the exercise test, at nearly the same 
time, the 10 subjects were studied in the cath- 
eterisation laboratory. An electrode catheter (5F 
bipolar) was inserted into the right atrium via a left 
antecubital vein. The subjects rested until heart rate 
and blood pressure were stable. M mode echo- 
cardiograms were then recorded with the subject in 
the supine and slight left lateral decubitus position— 
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at rest and after a steady state period of 60 seconds 
of atrial pacing—at the same heart rates as those 
achieved at the end of each step of the exercise test. 
Atrial pacing was stopped in each subject when a 1:1 
atrioventricular conduction failed. Arterial blood 
pressure was measured with a mercury sphyg- 
momanometer during the recording of each echo- 
cardiogram. 


ECHOCARDIOGRAPHIC STUDY AND ANALYSIS 

M mode echocardiography was performed with a 
2.25 MHz transducer placed at the left parasternal 
border in the same position that was marked during 
exercise and atrial pacing stress. The recordings 
were made at 50 mm/second paper speed during end 
expiration. We took care to record left ventricular 
echocardiograms below the tips of mitral valve 
leaflets with clearly defined echoes of the inter- 
ventricular septum and the posterior wall endo- 
cardium and epicardium. 

The echocardiograms were obtained at rest; at the 
end of each step of exercise test; at 2, 3, and 5 
minutes during recovery; and at identical heart rates 
induced by atrial pacing. The tracings were analysed 
on a digitising tablet connected to a PDP 11 digital 
computer.!* Three consecutive beats were indepen- 
dently traced by two observers who used the leading 
edge to leading edge method. The results were aver- 
aged to obtain a single value in order to avoid beat to 
beat variability. 

The following measurements of the left ventricle 
were made: left ventricular end diastolic diameter 
(EDD) (in mm) at the onset of the QRS complex; left 
ventricular end systolic diameter (ESD) (mm) 
defined as the minimum diameter in systole; and 
fractional shortening 


_. (EDD - ESD) | 100 


The following indices of left ventricular function 


Table Reproducibility of digitisation during exercise: interobserver variability 








Observer 
28D 

1 2 d Rt limit 
Heart rate (beats/min) 119 (25) 119 (27 06 0:87 89 
LVEDD (mm) 57.2 (60) 573 (58) 02 0-98 r57 
LVESD (mm) 37-4 (48) 378 (47) 0-9 0-98 15 
Fractional shortening (°% ) 34 (4) 34 (4) 1:36 0.94 203 
VCF/EDD (s^!) 0-92 ( 0-19) 0-93 ( 0-18) 15 071 062 
Max decrease dD/dt/EDD 2-75 ( 0:52) 2-70 ( 0-46) 18 0-88 O36 
Max increase dD/dt/EDD 4-96 ( 1-19) 4-86 ( 1-08) 2 0:84 0-91 
———————————»—»———M—9——————— RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRREREEÜA 


LVEDD, left ventricular end diastolic dimension; LVESD, left ventricular end systolic dimension; VCF/EDD, velocity of circumferential 
fibre shortening standardised for end diastolic dimension; max decrease dD/dt/EDD, maximum rate of decrease in left ventricular 
dimension standardised for end diastolic dimension; max increase dD/dt/EDD, maximum rate of increase in left ventricular dimension 


standardised for end diastolic dimension. 
*Percentage difference between means. 
tCorrelation coefficient. 
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Rest 
Heart rate 90 beats/min 


Exercise 
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Fig 1 M mode echocardiograms of the left ventricle obtained at rest and at the maximum comparable heart rate 


C Heart rate 160 beats/min 





^ Heart rate 160 beats /min 
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during exercise and atrial pacing. The 1 cm calibration is similar in the three panels. There was a reduction in left 
ventricular end systolic dimension during exercise and a reduction in both left ventricular end diastolic and end 


systolic dimensions during atrial pacing. 


(standardised for end diastolic dimension) were 
determined: mean velocity of circumferential fibre 
shortening (VCF/EDD, s` '), peak rate of decrease 
in left ventricular diameter (maximum systolic 
dD/dt/EDD, s~'), and peak rate of increase in 
left ventricular diameter (maximum diastolic 
dD/dt/EDD, s~'). 


STATISTICAL ANALYSIS 

For each variable, measurements obtained at each 
step during the exercise test were compared with 
those made at identical heart rates induced by atrial 
pacing. Student's t test for paired data was used. 
Differences were regarded as significant when 
p < 0:05. 


Results 


REPRODUCIBILITY OF DIGITISATION OF 
EXERCISE ECHOCARDIOGRAMS 

For each variable measured during exercise we 
regarded the mean value of three consecutive cardiac 
cycles obtained by digitisation as an individual 
determination. Interobserver variability was 
assessed by calculation of the percentage difference 
between the means of the two observers (table). 
Variance between the two observers was small for all 


variables, the maximum being 2°,, for normalised 
peak rate of increase in diameter, a derived index. 
The correlation of the results between the two inde- 
pendent observers was highly significant (table). 


HEART RATE 
In two subjects 1:1 atrioventricular conduction 
failed during atrial pacing at low heart rates and thus 
we could not compare the results with exercise after 
the first step. These patients were excluded from 
further analysis and we compared paired variables at 
similar heart rates in the eight remaining subjects. 
Resting heart rates were similar before exercise (73 
(13) beats/minute) and before atrial pacing (73 (15) 
beats/minute). During exercise we obtained ade- 
quate tracings for digitisation up to maximal heart 
rates (167 (14) beats/minute). The mean maximal 
heart rate reached during atrial pacing (148 (17) 
beats/minute) was lower because the Wenckebach 
phenomenon occurred at heart rates lower than those 
achieved during exercise. Figure 1 shows represen- 
tative echocardiograms obtained at rest and at the 
maximal heart rates achieved during exercise and 
atrial pacing. 


SYSTOLIC ARTERIAL BLOOD PRESSURE 
Systolic arterial blood pressure was not significantly 


Heart rate and left ventricular function 


different before exercise (138 (5) mm Hg), and before 
atrial pacing (130 (11) mm Hg). It increased to 191 
(14) mm Hg at maximal exercise level (p « 0-01) and 
decreased slightly, but not significantly, at maximal 
atrial pacing induced tachycardia (123 (14) mm Hg). 


LEFT VENTRICULAR CAVITY DIMENSIONS 
Figure 2a shows the effects of supine exercise and 
atrial pacing induced tachycardia on left ventricular 


(S), Exercise Leurs a 
ITE 


LVEDD (mm) 
n 
mae 
mau 


— au 
— u 
E ' 
a 
a 
— au 
— 


48 


T—T—T—T—T1—T1—T—1—T—1—4 
03 6 9 12 15 18 21 2 5 
- Exercise 






4 Exercise 
test 


LVESD (mm) 





$t f : : ] o 0 o 
24 roro 
03691215182 2 5 


; Minutes 
Fig 2 Measurements of (a) left ventricular end diastolic 


dimension (LVEDD) and (b) left ventricular end systolic . 


dimension (LVESD) at each step of exercise and recovery 
and at identical heart rates induced by atrial'pacing. Mean 
(1SD) values of all subjects are indicated. - 
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end diastolic dimension. At rest the end diastolic 
dimension was greater before exercise than before 
atrial pacing (p « 0-05). The end diastolic dimension 
remained fairly constant during exercise and 
decreased during atrial pacing. At each step of the 
two stress tests the end diastolic dimension was 
greater during exercise than during atrial pacing and 
the differences increased progressively. During 
recovery the differences decreased progressively and 
after five minutes end diastolic dimension was simi- 
lar to the value obtained at the corresponding heart 
rate induced by atrial pacing. During recovery sub- 


. jects kept their feet up on the table. Figure 2b shows 


the influence of exercise and atrial pacing on left 
ventricular end systolic dimension. End systolic 
dimension decreased slightly during both exercise 
and atrial pacing and no significant differences were 


, seen between the two stress tests at any level. During 


recovery left ventricular end systolic dimension was 
significantly smaller after exercise than at corre- 
sponding heart rates produced by atrial pacing 
(p < 0-05). 


INDICES OF LEFT VENTRICULAR FUNCTION 

Figure 3a shows the effects of exercise and atrial 
pacing on fractional shortening. Fractional short- 
ening values were similar before exercise and atrial 
pacing. This variable remained constant during 
atrial pacing and increased progressively during 
exercise. This difference was significant at all levels 
of stress. After five minutes of recovery from exer- 
cise, fractional shortening values remained higher 
than at corresponding heart rates produced by atrial 


_ pacing. 


Figures 3b and 3c show the effects of exercise and 
atrial pacing on the rate of left ventricular dimen- 
sional decrease (maximum systolic dD/dt/EDD) and 
increase (maximum diastolic dD/dt/EDD). Both 
indices showed a tendency to increase slightly during 
atrial pacing (NS) and a progressive and greater 
significant increase during exercise (p < 0-0001 at all 
steps of exercise). The difference between these 
values during the two stresses was statistically 
significant. 


Discussion 


Previous studies have shown that M mode echo- 
cardiography is an accurate and reproducible 


. method for measuring left ventricular cavity dimen- 


sions at rest.13-!7 Interest in exercise echo- 


cardiography is increasing but the technique is 
difficult to perform, especially with the subject in the 
upright position.!? In this study we obtained good 
quality M mode echocardiograms during maximal 
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supine exercise tests in young selected healthy sub- 
jects. 


LEFT VENTRICULAR DIMENSIONS 

Most studies in exercising dogs have shown an 
increasing left ventricular end diastolic dimen- 
sion.18-?° Several techniques have been used to 
measure left ventricular dimension change during 
exercise in man: M mode echocardiography,? +° 
myocardial markers,?! ?^ left ventricular angio- 
graphy,?5 ?5 and radionuclide angiography.!! 27730 
Radionuclide studies performed in upright subjects 
have demonstrated an increase in left ventricular end 
diastolic dimension!!?9?? whereas Crawford et al 
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Fig 3 (a) Fractional shortening, (b) peak rate of 
decrease in [sft ventricular dimension standardised for end 
diastolic dimension (maximum systolic dD/dt/EDD), and 
(c) peak rate of increase tn left ventricular dimension 
standardised for end diastolic dimension (maximum 
diastolic dD/dt/BDD) obtained at each step of exercise and 
recovery and at identical heart rates induced by atrial 
paang. Mean (1SD) values of all subjects are indicated. 


using M mode echocardiography did not observe any 
change during moderate upright exercisc. Data on 
left ventricular dimension changes during exercise in 
the supine position are even more conflicting. An 
increase im left ventricular end diastolic volume was 
demonstrated by Poliner et a] using radionuclide 
techniques?? and this was confirmed by Sharma et al 
using cineangiography.?$ Left ventricular end 
diastolic volume remained unchanged in Gorlin et 
al’s angiographic study?? and in that of Slutsky et al 
who used radionuclide angiography.?® Weiss et al 
found an increase in echocardiographic end diastolic 
dimension during maximal semisupine exercise.’ In 
most echocardiographic studies, however, no 
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significant changes were found in end diastolic 
dimension during supine exercise.) 8 Studies with 
myocardial markers showed that the end diastolic 
dimension decreased?! ?! or remained unchanged.?? 

‘In the denervated heart of cardiac transplant 
recipients an early increase during exercise has been 
demonstrated.?* The findings of most of these stud- 


ies, and particularly those using echocardiography ' 


and radionuclide techniques, have been interpreted 
on the basis of the presence or absence of a Frank- 
Starling mechanism without considering the 
influence of heart rate. Our findings suggest that leg 
elevation just before supine exercise significantly 
increases left ventricular end diastolic dimension. 
Because the feet were raised at rest just before exer- 
cise, end diastolic dimension was greater than before 
atrial pacing when the feet were horizontal. The 
mean difference of 3-2 mm (5-294) was outside the 
95% confidence interval of temporal variability in 
serial echocardiograms and must be regarded as 
significant)? This increase in preload was not 
accompanied by an inotropic effect since all the indi- 
ces of left ventricular function—fractional short- 
ening, mean velocity of circumferential fibre 
shortening, and peak rate of decrease in diameter— 
were not significantly different before the two tests 
were started. We observed that at any given heart 
rate during stress, left ventricular end diastolic 
dimensions were greater during exercise than during 
atrial pacing induced tachycardia. These obser- 
vations accord with those of Sonnenblick et a] who 
studied patients by means of myocardial markers 
after cardiac operations.?? An increase in heart rate 
tends to decrease end diastolic dimension whereas 
increased venous return has the opposite effect. 
Thus the maintenance of end diastolic dimension 
during supine exercise suggests that the Frank- 
Starling mechanism is active in the cardiac response 
to exercise. 

Though most of the previous studies have shown 
a decrease in end systolic dimension during both 
supine and upright exercise," 9 5 20 23 25 26 indicating 
increased emptying of the left ventricle, others have 
not confirmed these findings." !? Poliner et al found 
no change in end systolic volume in the supine pos- 
ition, but they did report a significant decrease dur- 
ing upright exercise.?? Our results show that there is 
a trend towards a decrease in end systolic dimension 
during exercise, but the measurements are not 
significantly different from those made at corre- 
sponding heart rates induced by atrial pacing. Dur- 
ing recovery after exercise the end systolic 
dimension was smaller than at similar heart rates 
during atrial pacing. These findings are in accord 
with increased left ventricular emptying during 
recovery caused by persistently high catecholamine 


` 
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concentration and a decreased afterload due to 
peripheral vasodilatation. 


LEFT VENTRICULAR FUNCTION 
The positive inotropic effect of increasing the fre- 
quency of contraction has been described by many 
investigators.?? 33-38 In our study fractional short- 
ening remained constant during atrial pacing and 
there was a.tendency to a slight not statistically 
significant increase 1n mean normalised velocity of 
circumferential fibre shortening and peak rate of 
decrease in left ventricular diameter. These results 
accord with those reported by DeMaria et aj. !? 
„During exercise, however, there was a progressive 
increase in fractional shortening, normalised velocity 
of circumferential fibre shortening, and peak rate of 
decrease in left ventricular diameter. Thus it appears 
that the tachycardia per se is not the major factor in 
the increase of contractility during exercise. 


We thank Wim B Vletter and Gerard van Zwieten 
for their technical assistance. 


References 


1 Braunwald E, Ross J Jr, Sonnenblick EH. Circulatory 
adjustments during exercise. In: Braunwald E, Ross 
J Jr, Sonnenblick EH, eds. Mechanisms of contraction 
of the normal and failing heart. 2nd ed. Boston: Little, 
Brown, 1976:292-308. 

2 Fortun NJ, Hood WP, Sherman ME, Craige E. Deter- 
mination of left ventricular volumes by ultrasound. 
Circulation 1971;44:575-84. 

3 Quinones MA, Gaasch WH, Alexander JK. Echo- 
cardiographic assessment of left ventricular function 
with special reference to normalized velocities. Circu- 
lation 1974,50:42—51. 

4 Laird WP, Fixler DE, Huffines FD. Cardiovascular 
response to isometric exercise in normal adolescents. 
Circulation 1979;59:651-61. 

5 Crawford MH, White DH, Amon KW. Echo- 
cardiographic evaluation of left ventricular size and 
performance during handgrip and supine and upright 
bicycle exercise. Circulation 1979;59:1188—96. 

6 Stein RA, Michielli D, Fox EL, Krasnow N. Con- 
tinuous ventricular dimensions in man during supine 
exercise and recovery. Am 7 Cardiol 1978,41:655—60 

7 Wess JL, Weisfeldt ML, Mason SJ, Garrison JB, Liv- 
engood SV, Fortuin NJ. Evidence of Frank-Starling 
effect in man during severe semisupine exercise. Cir- 
culation 1979;59:655-61. 

8 Andersen K, Vik-Mo H. Role of the Frank-Starling 
mechanism during maxima! semisupine exercise after 
oral atenolol. Br Heart 7 1982;48:149-55. 

9 Corallo S, Broso GP, Sega R, et al. Value and limits of 
exercise echocardiography in normal and patho- 
logical conditions. In: Kuriak A, Kratochwil A, eds. 


160 


Recent advances tn ultrasound diagnosis 3. Amsterdam: 
Excerpta Medica, 1981:428-32. 

10 Goldstein RE, Bennett ED, Leech GL. Effect of gly- 
ceryl trinitrate on echocardiographic left ventricular 
dimensions during exercise in the upright position. 
Br Heart J 19793;42:245-54, 

11 Wijns W, Melin JA, Vanbutsele RJ, et al. Assessment 
of right and left ventricular volumes during upright 
exercise in normal men. Eur Heart J 1982;3:529-36. 

12 DeMaria AN, Neumann A, Schubart PJ, Lee G, Mason 
DT. Systematic correlation of cardiac chamber size 
and ventricular performance determined with echo- 
cardiography and alterations in heart rate in normal 
persons. Am f Cardiol 1979;43:1-9. 

13 Roelandt J, Van Dorp WG, Hugenholtz PG. Con- 
tinuous analysis of ventricular function during atrial 
pacing using echocardiography [Abstract]. Circu- 
lation 1975;52(suppl I1):233. 

14 Vogel JA, Van Zwieten G, Bom N. Data processing of 
time-motion information in echocardiography. In: 
Bom N, ed. Echocard:ology. The Hague: Martinus 
Nijhoff, 1977:335—47. 

15 Popp RL, Filly K, Brown OR, Harrison DC. Effect 
of transducer placement on  echocardiographic 
measurement of left ventricular dimensions. Am f 
Cardiol 1975;,35:537—40. 

16 Ladipo GOA, Dunn FG, Pringle TH, Bastian B, Law- 
rie TDV. Serial measurements of left ventricular 
dimensions by echocardiography: assessment of 
week-to-week, inter- and intraobserver variability in 
normal subjects and patients with valvular heart dis- 
ease. Br Heart J 19805,44:284—9. 

17 Felner JM, Blumenstein BA, Schlant RC, et al. Source 
of variability in echocardiographic measurements. 
Am 3 Cardiol 1980;45:995-1004. 

18 Wilson MF. Left ventricular diameter, posture and 
exercise. Circ Res 19623;11:90-7. 

19 Horwitz L, Atkins J, Leshin SJ. Role of the Frank- 
Starling mechanism in exercise. Circ Res 1972; 
31:868-74. 

20 Vatner S, Franklin D, Higgins C, Patrick T, Braunwald 
E. Left ventricular response to severe exertion in 
untethered dogs. 7 Clin Invest 1972;51:3052-9. 

21 Braunwald E, Goldblatt A, Harrison DC, Mason DT. 
Studies on cardiac dimensions in intact, 
unanesthetized man. Circ Res 1963;13:460—7. 

22 Sonnenblick EH, Braunwald E, Williams JF Jr, Glick 
G. Effects of exercise on myocardial force-velocity 
relations in intact unanesthetized man: relative roles 
of changes in heart rate, sympathetic activity and ven- 
tricular dimensions. ¥ Clin Invest 1965,44:2051—62. 

23 McLaughlin PR, Kleiman JH, Martin RP, et al. The 
effect of exercise and atrial pacing on left ventricular 
volume and contractility in patients with innervated 
and denervated hearts. Circulation 1978;58:476-83. 


Piérard, Serruys, Roelandt, Meltzer 


24 Pope SE, Sunson EB, Daughters GT, Schroeder JS, 
Ingels NB, Alderman EL. Exercise response of the 
denervated heart in long-term cardiac transplant 
recipients. Am f Cardiol 1980;46:213-8. 

25 Gorlin R, Cohen L, Elliott W, Klein M, Lane F. Effect 
of supine exercise on left ventricular volume and oxy- 
gen consumption in man. Circulation 1965;32:361-6. 

26 Sharma B, Goodwin-JF, Raphael MJ, Steiner RE, 
Rainbow RG, Taylor SH. Left ventricular angi- 
ography on exercise: a new method of assessing left 
ventricular function in ischaemic heart disease. Br 
Heart J 1976;38:59-70. 

27 Rerych R, Scholz P, Newman G, Sabiston D, Jones R. 
Cardiac function at rest and during exercise in nor- 
mals and patients with coronary heart disease. Ann 
Surg 19783;187:449-60. 

28 Slutsky R, Karliner J, Rica D, et al. Response of left 
ventricular volume to exercise in man assessed by 
radionuclide equilibrium angiography. Circulation 
1979:60:565—71. 

29 Poliner LR, Delmer GJ, Lewis SE, Parkey RW, 
Blomqvist CG, Willerson JT. Left ventricular per- 
formance in normal subjects: a comparison of the 
responses to exercise in the upright and supme posi- 
tions. Circulation 1980;62:528-34. 

30 Upton M, Rerych S, Roeback JR Jr, et al. Effect of brief 
and prolonged exercise on left ventricular function. 
Am J Cardiol 1980;45:1154-60. 

31 Braunwald E, Goldblatt A, Harrison D, Mason D. 
Studies on cardiac dimensions in intact, 
unanesthetized man. Circ Res 1963;13:448—56. 

32 Clark RD, Korcuska K, Cohn K. Serial echo- 
cardiographic evaluation of left ventricular function 
in valvular disease, including reproducibility guide- 
lines for serial studies. Circulation 1980;62:564-75. 

33 Bowditch HP. Uber die Eigenthumlichkeiten der 
Reizbarkeit, welche die Muskelfasern des Herzens 
Ziegen. Arb Physiologischem Anstalt Leipzig 
1871;6:139-52. 

34 Dale AS. The staircase phenomenon in ventricular 
muscle. ¥ Physiol (Lond) 1932;75:1-6. 

35 Blinks JR, Koch-Weser J. Analysis of the effects of 
changes in rate and rhythm upon myocardial con- 
tractility. 7 Pharmacol Exp Ther 19613;134:373-89. 

36 Boerth RC, Covell JW, Pool PE, Ross J. Increased 
myocardial oxygen consumption and contractile state 
associated with increased heart rate in dogs. Circ Res 
1969;:24:725—34. 

37 Ricci D, Orlick A, Alderman E. Role of tachycardia as 
an inotropic stimulus in man. f Cln Invest 
1979,63:695—702. 

38 Roelandt JR, Meester GT, Hugenholtz PG. V max and 
dD/dt/kPmax in patients with coronary artery disease 
during atrial pacing [Abstract]. Circulation 1971; 
44(suppl 2):96. 


Br Heart J 1987;57:161-7 


Pulsed Doppler echocardiographic evaluation of 
neonatal circulatory changes 


HIROHIKO SHIRAISHI,* MASAYOSHI YANAGISAWA 
From the Department of Paediatrics, fichi Medical School, Tochig1, Japan 


SUMMARY Pulsed Doppler echocardiograms were obtained from 42 normal fullterm neonates at 
< 12 hours (20 subjects), 4 days (20 subjects), and 33 days (12 subjects). The acceleration time of 
the flow velocity and ventricular systolic time intervals were measured on recordings obtained at 
the right and left ventricular outflow tract, and the patency of the ductus arteriosus was evaluated 
by the flow at the pulmonary end of the ductus. The flow velocity pattern of the right ventricular 
outflow tract changed from a triangular shape with a peak velocity in early systole in the younger 
age groups to a dome-like contour with a peak velocity in mid-systole; thus the ratio of mean 
acceleration time to right ventricular ejection time increased with age. The flow velocity pattern 
of the left ventricular outflow. tract was triangular in all age groups, and the ratio of mean 
acceleration time to-left ventricular ejection time showed no significant change with age. The 
right ventricular pre-ejection period shortened and the right ventricular ejection time lengthened 
with age; thus the ratio of mean right ventricular pre-ejection period to right ventricular ejection 
time decreased with age. The left ventricular systolic time intervals showed no significant change 
with age. The ductus arteriosus was patent in all subjects who.were less than 12 hours old but was 
closed in the older neonates. 

Pulsed Doppler echocardiography is a valuable method of evaluating pulmonary vascular bed 


in the early neonatal period. 


Soon after birth the ductus arteriosus and foramen 
ovale close and there are considerable falls 1n pul- 
monary vascular resistance and pulmonary artery 
pressure.! It would be useful to have a reliable non- 
invasive method of evaluating these changes. Pulsed 
Doppler echocardiography has been used to assess 
blood flow in the. heart and great vessels non- 


invasively, and it has various clinical applications - 


including detection of valvular stenosis or 
insufficiency and shunt lesions.” > The flow velocity 
pattern of the right ventricular outflow tract has 
been shown to be useful in assessing the pulmonary 
vascular resistance and diastolic pressure of the pul- 
monary artery in patients with congenital heart dis- 
ease.* Š E 

To test the hypothesis that the flow pattern of the 
right ventricular outflow tract might reflect the 
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decreasing pulmonary vascular resistance and 
diastolic pressure of the pulmonary artery in the 
early neonatal period we studied the normal flow 
patterns of the right and left ventricular outflow 
tracts in the first month of life by pulsed Doppler 
echocardiography. 


Subjects and methods 


We examined 42 neonates and infants (estimated 
gestation 37-41 weeks): 20 «12 hours old (0 day 
old), 20 3—9 days old (4 day old), and 12 28-37 days 
old (1 month old). Ten neonates were examined 
twice. All infants had uneventful perinatal histories 
and were normal by physical examinations and by 
cross sectional echocardiograms. The heart rates of 
the infants ranged from 90 to 160 beats/min at the 
time of examination and neither arrhythmia nor 
conduction abnormalities were noted. Informed 
parental consent was obtained for all subjects before 
examination. 

For pulsed Doppler echocardiography we used an 
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Aloka SSD-720 compound ultrasound diagnostic 
device and a pulsed Doppler transducer (Aloka 
ASU-32-5), with a carrier frequency of 5-0 MHz 
and pulse repetition frequency of 8.0 KHz. The 
length of the sample volume was 2 mm. Doppler sig- 
nals were analysed by fast Fourier transform with an 
Aloka UGR-23 pulsed Doppler unit, displayed in 
the form of frequency spectrum, and recorded with 
an Aloka SSZ-95 strip chart recorder at a paper 
speed of 100mm/s together with an electro- 
cardiogram and M mode echocardiogram on which 
the depth of the sample volume was marked. Flow 
away from the transducer was displayed below the 
baseline and flow towards the transducer was dis- 
played above the baseline. The time lag in the sam- 
ple and frequency analysis of Doppler signals has 
been estimated to be 22-28 ms.* 7 

The transducer was placed at the intercostal space 
of the left lower sternal border and at the apex to 
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obtain clear parasternal short axis and apical long 
axis images. The sample volume was then moved to 
just below the semilunar valves at each ventricular 
outflow tract and then to the pulmonary end of the 
ductus. Care was taken to align the ultrasonic 
Doppler beam with the flow in each ventricular 
outflow tract. All infants were examined while they 
were sleeping or resting quietly. 

We measured three variables on the spectral 
records of the pulsed Doppler echocardiograms of 
the right and left ventricular outflow tracts: these 
were the pre-ejection period (PEP), which was 
defined as the time from the Q wave of the electro- 
cardiogram to the onset of the ejection flow; the 
acceleration time (AcT), which was defined as the 
time from the onset of the flow to the peak velocity; 
and the ejection time (ET), which was defined as the 
time from the onset of the flow to the end of the flow 
(fig 1). Five sequential complexes were measured 
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Fig 1 Pulsed Doppler echocardiogram obtained at the right ventricular outflow tract (RVOT) and left ventricular outflow 
tract (LVOT) 0 and 5 days after birth. (a) The right ventricular outflow tract flow pattern changed from a triangular shape 
with a peak velocity in early systole (top) to a dome shape with a peak velocity in mid-systole ( bottom). (b) The left 
ventricular outflow tract flow pattern was triangular with a peak velocity in early systole and did not change with increasing 
age. RPEP, right pre-ejection period; RVET, right ventricular ejection time; AcT, acceleration time; LPEP, left pre-ejection 
period; LVET, left ventricular ejection time; SV, sample volume. 
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Table Right and left systolic time intervals and AcT :ET ratios at three ages (mean (SD)) 
0 day (2-12 hrs) 4 day (5-9 days) 1 month (28-37 days) 
(n = 20, M/F = 12/8) (n = 20, M/F = 11/9) (n = 12, M/F = 3/9) 
Heart rate (beats/min) 121 (11) 117 (14) 142 (15)* 
RPEP (ms) 93 8 (14 7) 721 Kt 9)* 643 Con 
AcT (ms) 68 7 (16 120-5 (18 9)* 101 0 (20 8)* 
RVET (ms) 192 8 (13 215 0 (17-4)* 200 6 (16 0) 
RPEP.RVET 0-51 (0 12) 0 34 (0 07)* 0 32 (0 03)* 
AcT:RVET 0-37 (0-09) 0 56 (0 07)* 0-52 (0 05)* 
LPEP (ms) 776-9 (13 1) 78-4 (11-0) 69 8 (7-5) 
AcT (ms) 55:4 (9-7) 53:2 i 6) 60 5 (14 3) 
LVET (ms) 204-3 (21 5) 194 9 (16-6) 189 4 (14 4) 
LPEP:LVET 0 36 (0 05) 0-40 (0 06) 0 37 (0 05) 
AcT:LVET 0 27 (0 04) 0-27 (0 04) 0 30 (0 03) 


RPEP, right pre-ejection 
Jeft ventricular ejection time 
*p < 001 compared with 0 day old neonates. 


and averaged to obtain the final systolic time interval 
and AcT. PEP, AcT, and ET were determined in 12 
recordings by one observer on two occasions. The 
intra-observer variability for PEP, AcT, and ET 
was 3%, 4%, and 2% respectively. The ductal 
patency was also evaluated by means of diastolic for- 
ward flow at the pulmonary end of the ductus. _ 

Data were expressed as mean (SD) and were com- 
pared with those of other groups by Student’s 
unpaired t test. A probability value «0:01 in the two 
tailed test was considered to be significant. 
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Fig 2 AcT:RVET and AcT:LVET at three ages AcT, acceleration time; RVET, right ventricular ejection time; 
LVET, left ventricular ejection time. Means (1 SD) are shown. : 
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Results 


FLOW VELOCITY PATTERN OF RIGHT AND LEFT 
VENTRICULAR OUTFLOW TRACT 
The flow velocity pattern of the right ventricular 
outflow tract was initially triangular with a peak 
velocity in early systole; this changed to a dome- 
like contour with a peak velocity in mid-systole 
(fig 1a). 

The mean right ventricular AcT increased from a 
mean of 68-7ms in the 0 day old neonates to 
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120-5 ms in the 4 day olds and to 101-1 ms in the 1 
month olds (table). 

The mean  AcT:RVET ratio increased 
significantly with age from 0:37 in the 0 day olds to 
0-56 in 4 day olds and to 0:52 in 1 month olds (fig 2). 
None of AcT:RVET ratios was «0-42 in the older 
groups. In all 10 infants who were examined on two 
occasions the AcT:RVET ratio was higher at the 
second examination (fig 3). 

The flow velocity pattern of the left ventricular 
outflow tract was also triangular with a peak velocity 
in early systole, but this pattern did not change with 
increasing age (figlb). Tbe mean left ventricular 
AcT varied from 53-2 to 60-5 ms (table) and the 
mean AcT:LVET ratio varied from 0-27 to 0:30 


(fig 2). 

RIGHT AND LEFT VENTRICULAR SYSTOLIC 
TIME INTERVALS 

Right ventricular systolic time intervals changed 
significantly with age (table). The right ventricular 
pre-ejection period (RPEP) decreased from a mean 
of 93:8 ms in the 0 day olds to 72-1 ms in the 4 day 
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olds and to 64-3 ms in the 1 month olds. 

The right ventricular ejection time (RVET) 
increased from a mean of 192-8 ms in 0 day olds to 
215-0ms in 4 day olds and then decreased to 
200-6 ms in the 1 month olds. 'The mean heart rate 
of 1 month olds was increased. The mean 
RPEP:RVET ratio declined from 0-51 in 0 day olds 
to 0-34 in 4 day olds and to 0-32 in the 1 month olds 
(fig 4). A second examination in 10 neonates showed 
a decreased RPEP:RVET ratio (fig 3). 

Left ventricular systolic time intervals showed no 
significant variation with age (table). The mean left 
ventricular pre-ejection period (LPEP) varied from 
69-8 to 78-4 ms and the mean left ventricular ejection 
tme (LVET) varied from 189-4 to 204-3 ms. The 
mean LPEP:LVET ratio varied from 0:36 to 0-40 
(fig 4). 


PATENCY OF THE DUCTUS ARTERIOSUS 

Left to right shunt flow through the ductus was 
detected with pulsed Doppler echocardiography in 
all 0 day old neonates, whereas none of the 4 day old 
or the 1 month old neonates had ductal flow. 
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Fig 3 Sequential ACT:RVET and RPEP:RVET ratio in 10 neonates. RPEP, right pre-ejection period; RVET, 


right ventricular ejection time; AcT, acceleration time. 
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Fig4 RPEP:RVET ratio and LPEP:LVET ratio at three ages. RPEP, right pre-ejection period; RVET, night 
ventricular ejection time; LPEP, left pre-ejection period; LVET, left ventricular ejection time. Means (1 SD) are 


shown. 
Dicussion 


M mode and cross sectional echocardiograms have 
been widely used to evaluate cardiac function,? to 
diagnose congenital heart diseases,? and to assess the 
pulmonary vascular bed.!9!! These non-invasive 
techniques are especially useful in neonates. 
Detailed pulsed Doppler echocardiographic studies 
of the haemodynamic status of normal or diseased 
neonates, however, have not been performed before. 

We found that the shape of the flow velocity 
envelope of the right ventricular outflow tract in 
healthy infants changed considerably in the early 
neonatal period from a triangular shape to a dome- 
like contour; this was confirmed by an increase in 
AcT:RVET ratio. We considered that an 
AcT:RVET ratio of « 0-42 indicated the presence of 
pulmonary hypertension. This change may reflect a 
decrease of pulmonary artery pressure.! The change 
in the ACT:RVET ratio is regarded as an indicator of 
pulmonary vascular resistance and pulmonary artery 
pressure in laboratory animals!? and patients with 
pulmonary hypertension.*? Franklin et al reported 
the pattern of right ventricular ejection as a gradual 
increase in flow with a rounded peak in mid-systole 


and that of the left ventricular ejection as an abrupt 
increase in flow with a sharp peak in early systole. As 
pulmonary artery resistance increases the ejection 
pattern of the right ventricle approaches that of the 
left ventricle.|? With pulsed Doppler echo- 
cardiography the flow velocity pattern of the right 
ventricular outflow tract in normal controls has a 
dome-like contour with a peak velocity in mid- 
systole, whereas in patients with pulmonary hyper- 
tension the envelope is triangular with a peak veloc- 
ity in early systole. Thus pulsed Doppler 
echocardiography may be used to detect raised pul- 
monary artery pressure.* The rapid acceleration of 
the flow in the pulmonary artery appears to be 
caused by the increased peak dP/dt of the pressure 
load of each ventricle,!? and the early deceleration 
of the flow appears to be caused by the high total 
pulmonary vascular resistance and increased pul- 
monary vascular impedance.'* Okamoto eral 
reported that the triangular envelope of the flow pat- 
tern is a specific feature of the pulmonary ejection in 
patients with pulmonary hypertension.* Kitabatake 
etal examined the flow velocity pattern in the right 
ventricular outflow tract in adults with pulmonary 
hypertension and found that AcT or AcT:RVET 
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decreased as pulmonary artery pressure increased.? 

Pulmonary artery pressure has been evaluated 
from the flow pattern obtained at the main pul- 
monary artery by pulsed Doppler echo- 
cardiography.!? The flow in the main pulmonary 
artery in the early neonatal period is likely to be 
affected by the shunt flow through the ductus 
arteriosus. This is why we used the flow pattern of 
the right ventricular outflow tract to assess the pul- 
monary vascular bed. 

Cardiac catheterisation in normal infants has 
shown that pulmonary artery pressure is high soon 
after birth and gradually falls in the first days of 
life. 

Variables other than these direct measurements 
have been used to assess the pulmonary vascular bed 
non-invasively. The systolic time interval, which 
appears to be influenced by factors such as afterload, 
myocardial contractility, ventricular electrical acti- 
vation, preload, or heart rate,'® !? is one of the non- 
invasive variables that has been used to evaluate car- 
diac function and the pulmonary vascular bed.!? We 
used pulsed Doppler echocardiography to measure 
the systolic time intervals of the right and left ventri- 
cles. There was a clear decline of absolute RPEP and 
RPEP:RVET ratio in the early neonatal period. 
These findings are compatible with the previous 
reports in which M mode echocardiography was 
used.!? Our method determines the onset and the 
end of the ejection more accurately. The pre- 
ejection period of each ventricle was, however, 
longer in our study. The time lag between sampling 
and frequency analysis was probably responsible for 
this.57 Riggs eral obtained serial M mode echo- 
cardiograms from normal full term infants and mea- 
sured right ventricular systolic time intervals from 
the pulmonary valve echo.!? They showed that 
alterations in the RPEP:RVET ratio reflected the 
decreasing pulmonary artery pressure and pul- 
monary vascular resistance in the early neonatal 
period. 

Another important aspect in our study is the 
assessment of the patency of the ductus arteriosus. 
In all the 0 day olds there was forward flow at the 
pulmonary end of the ductus during diastole indi- 
cating patency of the ductus. No forward flow was 
detected in older neonates. Pulsed Doppler exam- 
ination in combination with cross sectional echo- 
cardiography is a non-invasive and highly sensitive 
method of evaluating the patency of the ductus 
arteriosus.!??? The ratio of LPEP:LVET was 
slightly but not significantly lower in the 0 day old 
neonates. This might be the result of increased pre- 
load and decreased afterload of the left ventricle 
caused by the left to right shunt through the ductus 


_ arteriosus. Pulmonary artery. pressure did not fall 
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abruptly after the establishment of respiration 
despite a considerable decrease in the pulmonary 
vascular resistance.! We did not measure the shunt 
through the ductus; however, an increase in pul- 
monary blood flow caused by the left to right shunt 
may have influenced pulmonary artery pressure and 
pulmonary vascular resistance in the neonates who 
were <12 hours old. 


We thank Professor T Tamada, Dr S Konuma, and 
their associates at the Department of Obstetrics and 
Gynaecology, Jichi Medical School Hospital, for 
their valuable cooperation. 
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Aortic valve damage caused by operative balloon 
dilatation of critical aortic valve stenosis 


RACHEL R PHILLIPS, LEON M GERLIS, NEIL WILSON, DUNCAN R WALKER 
From the Regional Cardiothoracic Unit, Killingbeck Hospital, Leeds 


SUMMARY Operative balloon dilatation of the aortic valve was performed in seven neonates with 
critical stenosis of the aortic valve. 'The procedure was followed by the development of severe 
aortic regurgitation in four patients. Necropsy was performed in three and revealed partial 
detachment of the right coronary cusp of the aortic valve. Damage to the valve leaflet caused by 
balloon dilatation was probably the result of using a balloon with a diameter that was too large in 
relation to the aortic valve ring diameter and of shearing forces created in the aortic wall by the 
contracting ventricle. The diameter of the inflated balloon should not be larger than the diameter 


of the aortic valve ring. 


Percutaneous balloon dilatation of the pulmonary! 
or aortic valve?? has been used to relieve critical 
valvar stenosis ın children and adults. Experi- 
mental and necropsy findings after this procedure 
have shown linear tears of the valve or transverse 
tears in the aortic wall. We report four cases of 
operative balloon dilatation of the aortic valve that 
damaged the valve leaflets. 


Patients and methods 


Seven infants underwent operative balloon dila- 
tation of critical aortic stenosis presenting in the 
neonatal period. 


CASE 1 

A female baby presented in cardiac failure at the 
age of four days. Echocardiography and angio- 
cardiography revealed a ventricular septal defect, 
Severe aortic stenosis, ductus arteriosus, and pre- 
ductal coarctation. She underwent surgical repair of 
the coarctation with a Goretex gusset and ligation of 
the ductus arteriosus on the eighteenth day of life. 
Postoperatively episodes of acute left ventricular 
failure that were unresponsive to medical treatment 
developed and she required further mechanical ven- 
tilation. These episodes were caused by massive left 
to right shunting through the ventricular septal 
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defect, which was worsened by the critical obstruc- 
tion of the left ventricular outflow tract. The echo- 
cardiographic estimate of the diameter of the valve 
ring was 6mm. On the forty-seventh day the ven- 
tricular septal defect was closed surgically and at the 
same time balloon dilatation of the aortic valve was 
performed through an apical left ventricular stab 
incision with an 8mm diameter balloon catheter. 
There was some improvement immediately after the 
operation but she died the next day. 


CASE 2 

A female baby presented with a systolic murmur and 
cardiac failure on the second day of life. Echo- 
cardiography revealed critical aortic stenosis with an 
estimated valve ring diameter of 5-6 mm. She devel- 
oped clinical signs of necrotising enterocolitis on the 
second day, which responded to conservative treat- 
ment. She underwent operative balloon dilatation of 
the aortic valve on the sixteenth day with a 12mm 
diameter balloon catheter but immediately brady- 
cardia with low cardiac output developed, and she 
died in the operating theatre. 


CASE 3 

This 36 hour old male baby presented in cardiac 
failure. Echocardiography revealed critical aortic 
stenosis with a valve ring diameter of 6 mm. He was 
severely acidotic. He underwent operative balloon 
dilatation of the aortic valve with a 12 mm diameter 
balloon catheter on the second day of life. The 
procedure was followed by slow postoperative 
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improvement but on the seventh postoperative day 
he collapsed because of septicaemia and died of a 
cerebral haemorrhage 24 hours later. 


CASE 4 

A female baby presented in cardiac failure 24 hours 
after birth. Echocardiography showed critical aortic 
stenosis with an 8mm diameter valve ring. On the 
second day of life she underwent operative balloon 
dilatation of the aortic valve with an 8mm diameter 
balloon catheter. Postoperative Doppler echo- 
cardiography showed satisfactory relief of the steno- 
sis with a maximum gradient of 30 mm Hg but also 
showed the development of severe aortic regur- 
gitation. She required further medical treatment and 
mechanical ventilation for left ventricular failure 
secondary to the aortic regurgitation, and aortic 
valve replacement was planned in view of her intrac- 
table cardiac failure. On the twenty-fourth day the 
aortic root was replaced by her own pulmonary 
valve; the coronary arteries were reimplanted with a 
homograft replacement to the right ventricular 
outflow tract. Immediately after this procedure 
bradycardia developed and she died in the operating 
theatre. Necropsy was not performed. 


NECROPSY FINDINGS 

In the first three cases postmortem examination of 
the heart showed dysplastic bicuspid aortic valves. 
In patient 1 the original orifice was narrowed to 
2:5 mm in diameter, with a valve ring diameter of 
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4mm. Further inspection of the valve disclosed a 
3mm tear that detached the base of the right side of 
the right coronary cusp from its attachment to the 
ring, producing aortic incompetence (fig (a)). 

In patient 2 there was almost complete detach- 
ment (4mm in length) of the right coronary cusp 
from its marginal attachment. There was also a 
linear longitudinal tear 5 mm long through the sub 
valvar endocardium and the intima of the base of the 
aortic wall. This appeared to have been a con 
sequence of the forcible detachment of the cusp 
(fig (b)). 

In patient 3 the diameter of the aortic valve ring 
was 4mm and the valve consisted of a thickened 
nodular dysplastic structure that had been split by a 
T shaped tear and partly detached from the margin 
over a 3mm length on the posteromedial aspect 
(fig (c)). 

The use of balloon dilatation in critical aortic 
stenosis was successful in three of our cases. Our 
four unsuccessful cases clearly represent the most 
severe end of the spectrum of critical aortic stenosis. 
Of the successful cases, patient A, a boy, had pre- 
viously undergone open surgical aortic valvotomy 
for critical aortic stenosis (valve ring diameter of 
3mm) when he was 20 days old. Balloon dilatation of 
the aortic valve was performed for restenosis when 
he was eight months old. The echocardiographic 
estimate of the diameter of his aortic valve ring was 
6-7 mm (gradient 80 mmHg on Doppler echo- 
cardiography). A balloon catheter with an inflated 





Figure 


The opened aortic valves and left ventricular outflow regions at necropsy in three patients. The small arrows indicate 
the extent of the cusp tears. (a) Female infant aged 47 days. Asterisk indicates ventricular septal defect. (b) Female infant 
aged 16 days. The open arrows indicate the additional longitudinal tear. ( c) Male infant aged 9 days. The T shaped tear has 
divided the cusp and has also caused peripheral detachment. 
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diameter of 10mm was used. Despite mild aortic 
regurgitation, he remains well clinically five months 
after the procedure. 

Patient B, a boy, had repair of aortic coarctation at 
23 days of age. Doppler echocardiography at the 
time revealed mild aortic stenosis (gradient 40 
mm Hg with good left ventricular function). Cardiac 
failure due to severe aortic stenosis (gradient 90 
mm Hg, valve ring diameter 10 mm) with a poorly 
contracting left ventricle developed when he was 
eight weeks old. Balloon dilatation of the aortic valve 
was performed with a 10 mm diameter balloon, and 
postoperatively Doppler echocardiography showed 
a maximum gradient of 30 mm Hg with mild regur- 
gitation and improved left ventricular function. He 
remains well at six months of age. 

Patient C presented in cardiac failure 14 days after 
birth. Doppler echocardiography showed critical 
aortic stenosis with a gradient of 60 mm Hg and a 
valve ring diameter of 8mm. Operative balloon 
dilatation was performed on the fifteenth day with a 
6 mm diameter balloon and her postoperative recov- 
ery was uncomplicated. Repeat echocardiography 
showed a Doppler gradient of 40 mm Hg with no 
aortic regurgitation and she remains well at four 
months. 


Discussion 


Nearly all infants with critical aortic stenosis die 
soon after birth. Palliative procedures, including 
open aortic valvotomy or percutaneous balloon 
dilatation, are associated with substantial morbidity 
and mortality. In our hospital we elected to use bal- 
loon dilatation rather than the conventional Hegar 
dilators because of the potential advantages of a nar- 
rower initial balloon diameter and a more control- 
lable dilatation technique. In all cases the balloon 
was 3cm long but because it became fusiform when 
inflated across the valve the usable length was only 
2cm. We did not find that the balloon protruded 
through the valve when we used a left ventricular 
stab incision but a shorter balloon would be more 
suitable and as effective. 

Although there was an initial improvement after 
the procedure in our seven patients, injury to the 
aortic valve cusps in four (particularly the right 
coronary cusp) was sufficient to cause uncontrollable 
aortic regurgitation. Damage to the aortic wall has 
already been linked with the ratio of the diameter of 
the inflated angioplasty balloon to the aortic lumen.? 
Transverse tears in the aortic wall were produced 
when a balloon with an inflated diameter similar to 
or larger than the diameter of the aorta was used. 
'The aortic wal] is elastic and is able to stand mod- 


erate stretching without damage, whereas the valve | 


ring (in a dysplastic valve especially) is rigid and is 
more likely to tear at a degree of dilatation that does 
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not damage the acrtic wall. This apparent tolerance 
of the arterial wali to stretching has been confirmed 
in animal experiments in which oversized balloons 
were inflated across the pulmonary valve; major 
damage to the heart occurred in the outflow tract of 
the right ventricle. This study, however, was of nor- 
mal pulmonary valves and thus the additional effect 
of the rigidity of a dysplastic valve could not be eval- 
uated. Damage of the sort described above?? 
appeared to have occurred in our cases that came to 
necropsy, and in patient 2 the tear extended upwards 
into the aortic wall and downwards into the ven- 
tricle. The ventricular extension was very close to 
the bundle of His and damage to this structure may 
have been associated with the terminal bradycardia. 
The balloon size in these three cases was 8mm, 
12mm, and 12mm; in all three the diameter of the 
valve ring was 4mm at necropsy. In patient 4 the 
balloon diameter was 8mm and the valve ring 
diameter was 8mm. The shearing effect of the 
inflated balloon in a contracting ventricle is a further 
probable cause cf damage. 

It seems that to avoid important damage both to 
the aortic wall and to the valve leaflets, while still 
producing effective dilatation of a critically stenosed 
aortic valve, a balloon with an inflated diameter of 
somewhat less than the diameter of the aortic valve 
ring should be used. Furthermore, the duration of 
balloon dilataticn should be kept to a minimum to 
lessen the shearing force produced by the con- 
tracting ventricle. 

We intend further evaluation of this technique for 
the relief of critical aortic stenosis, but in the light of 
our findings we will use a balloon with a diameter 
that is 70°-80% of the echocardiographic estimate 
of the diameter of the valve ring. 


LMG is supported by the National Heart Research 
Fund. 
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The response of paediatric arrhythmias to 
intravenous and oral flecainide 


CHRISTOPHER WREN, RONALD W F CAMPBELL 
From the Regional Cardiothoracic Centre, Freeman Hospital, Newcastle upon Tyne 


SUMMARY Flecainide acetate was administered intravenously and orally to 12 consecutive 
children, aged 1-15 years, presenting with arrhythmias that were life threatening or resistant 
to conventional medical treatment. Three children had arrhythmias related to 
Wolff-Parkinson-White syndrome, four had concealed accessory pathways, two had His bundle 
tachycardia, and three had ventricular tachycardia. Of seven patients who were given flecainide 
intravenously, four returned to sinus rhythm and in a fifth successful rate control of His bundle 
tachycardia was achieved. All 12 patients were given the drug orally: in nine it was successful in 
preventing recurrence of arrhythmia, in one satisfactory rate control was achieved, and in two it 
was withdrawn because it produced more frequent attacks of tachycardia. No other adverse effects 
occurred. 

The efficacy and low toxicity of treatment in this study suggests that flecainide acetate may have 


an important role in the management of selected paediatric arrhythmias. 


Symptomatic and life threatening arrhythmias are 
fortunately relatively uncommon in paediatric prac- 
tice. When they do occur their treatment is particu- 
larly demanding. Efficacy is obviously important but 
in infants and children drug toxicity is of special 
relevance, particularly when long term dosing may 
be necessary. 

When arrhythmias in adults prove refractory to 
conventional management strategies, new drugs and 
investigational compounds are often tried. Caution 
in the institution, of such treatment in children is 
justifiable as treatment may be necessary for many 
years, long term effects are unknown, and pharma- 
cokinetic responses in children cannot be predicted 
from experience in adults. 

Flecainide acetate, an antiarrhythmic drug with 
Vaughan Williams class IC actions, has rapidly 
become established in the management of a wide 
variety of arrhythmias in adults.! ? With the excep- 
tion of arrhythmogenesis, it has a relatively low tox- 
icity, has stable and reliable kinetics, and its half life 
of 8-12 hours facilitates dosing twice or three times 
a day. Experience with the use of flecainide in chil- 
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dren i$ limited*? but these properties suggest a 
potentially important role in paediatric practice. 
This report describes our experience of using 
intravenous and oral flecainide ın 12 children with 
life threatening arrhythmias or arrhythmias that 
were difficult to manage with conventional agents. 


Patients and methods 


PATIENTS 

All 12 children (mean aged 8, range 1-15) presenting 
between May 1983 and October 1985 with arrhyth- 
mias that were potentially dangerous or had failed to 
respond to at least one conventional antiarrhythmic 
agent were treated with flecainide (table 1). Only 
four patients had associated structural heart disease. 
The mechanism of the arrhythmia was confirmed at 
electrophysiological study in nine patients and was 
apparent from the surface electrocardiogram in the 
other three. Ten patients had received previous drug 
treatment (six intravenously and eight orally), which 
had been unsuccessful. Before administering 
flecainide, five half lives of any previous anti- 
arrhythmic therapy were allowed to elapse to clear 
that drug from the circulation. In the two patients 
who had taken amiodarone this was not possible: the 
drug withdrawal period was three months in patient 
8 and three weeks in patient 9. 
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Table 1 Details of patients and previous drug treatment 
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Age Weight Rate Other Failed ro — Failed oral Follow up 

Case No (years) Sex (kg) Diagnosis (beats|[rmmn) diagnosis drugs drugs (months) 

1 9 M 36 CAP* 200 — — DgPtPrVQ 39 

2 11 F 27 CAP* 195 1°ASD V — 33 

3 13 F 66 CAP* 190 — — - Dg Pr 27 

4 13 M 40 CAP* 180 — — Dg 21 

5 13 F 47 WPW* 172 CTGA Dg — 31 

6 13 F 43 WPW* 200 Ebstein's — V 17 

anomaly 

7 7 M 26 WPW* 230 — DgV Dg Q V Ds Fc 12 

8 15 M 49 HBT* 160 CTGA E j DgQA 26 

9 2 M 13 HBT* 210 — Dg V Dg Pr gA 23 
10 1 F 12 VT 220 — Dg V Dg Ds 22 

s 

11 2 F 11 VT 360 — — — 16 
12 1 M 9 VT 290 — — — 10 


—ÓM ÁÁ— E —— a ————————— , € —ÁÀMÀÓÀ I 
1v, intravenous; A, amiodarone, Dg, digoxin; Ds, disopyramide, Fc, flecamide; Pc, procainamide; Pr, propranolol; Pt, practolol; 


Q, quinidine; V, verapamil; 1°ASD, ostium primum atrial septal defect; CTG. 


A, transposition of the great arteries; CAP, 


concealed accessory pathway; WPW, Wolff-Parkinson-White syndrome, HBT, His bundle tachycardia; VT, ventricular tachycardia. 


*Confirmed at electrophysiology study 


Table 2 Response to intravenous and oral flecainide 





Oral 
Intravenous 
Daily dose 
Case No Dose (mg) Response (mg) 
1 20 >SR 100 
2 — — 200 
3 25 >SR 100 
4 — — 200 
5 90 Slowed 150 
6 20 >SR 300 
7 30 >SR 250 
8 25 Slowed 210—130 150 
9 100 Slowed 150—120 200 
10 — — 75 
ll — — 75 
12 — — 200 


Plasma concentration 


(mgikg) Response (pell) (mmol]l) 
37 NR 535 113 
30 NR 
27 NR 
50 F 
35 NR 417 0-88 
64 F 
96 NR 463 0 98 

115 RC 343 072 
41 NR 396 0-84 
63 NR 410 0-86 
68 NR 

222 NR 492 1-04 


—SR, reverted to sinus rhythm, NR, no recurrence; RC, rate controlled; F, failed. —, not given 


FLECAINIDE ADMINISTRATION 

Flecainide was given intravenously to seven children 
during tachycardia that either had occurred sponta- 
neously or was induced at electrophysiological study 
(table 2). The maximum dose was 2 mg/kg. There- 
after all seven received oral treatment. Oral treat- 
ment in all 12 children was started in doses of 
3-6 mg/kg/day and increases were guided by the 
patient's response and, in some cases, by plasma 
concentrations. The maximum oral dose was 
22mg/kg/day. For the two youngest children, 
flecainide was made into a syrup or suspension. The 
other children were given standard tablets; some 
took them crushed in yoghurt or other palatable 
food. Twice daily dosing was used where possible 
and three times daily dosing was advised in four 
patients taking small doses. All patients were moni- 
tored in hospital during the initiation of treatment. 


They were allowed home when they were seen to 
tolerate the drug or, in those with His bundle or 
ventricular tachycardia, when 24 hour electro- 
cardiographic monitoring confirmed suppression of 
the arrhythmia. 


TREATMENT ASSESSMENT 

Intravenous treatment was judged to be successful if 
the arrhythmia was terminated or, in the case of 
incessant ectopic arrhythmias, if a clinically 
beneficial reduction in rate was obtained. Any other 
response was regarded as a failure. Long term treat- 
ment was judged to be a success if there was no 
recurrence of arrhythmia, or if there was no more 
than an occasional minor episode of tachycardia, or 
if long te-m rate control was achieved in incessant 
arrhythmias. Any other response was regarded as a 
failure. Trough concentrations of plasma flecainide 
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were measured in seven patients. Plasma concen- 
trations were used to adjust dosing only if the 
arrhythmia persisted. Follow up assessment was by 
history of recurrence of symptoms, 12 lead electro- 
cardiogram, and 24 hour ambulatory monitoring. 


Results 


All patients satisfying the inclusion criteria had one 
of the following arrhythmias: atrioventricular re- 
entry by an accessory pathway, His bundle tachy- 
cardia, or ventricular tachycardia. We expected that 
the response to flecainide would vary depending on 
the mechanism of the arrhythmia, and the analysis of 
the clinical results was based on this premise. 


CONCEALED ACCESSORY PATHWAY 

(FOUR PATIENTS) 

In all patients the arrhythmias were orthodromic 
reentry tachycardias with rates of 180—200 impulses/ 
minute. In both patients given intravenous flecainide 
sinus rhythm was restored promptly and in one this 
was due to a block in the accessory pathway. Three 
patients have had no recurrence of arrhythmia since 
the start of oral treatment. The fourth (patient 4) 
experienced more frequent episodes of tachycardias 
on oral flecainide and these could not be controlled 
by increasing the dose. He is now symptom free on 
treatment with disopyramide. 


WOLFF-PARKINSON-WHITE SYNDROME 

(THREE PATIENTS) 

Intravenous flecainide terminated an orthodromic 
tachycardia in two patients (in the retrograde limb in 
both instances) and on return to sinus rhythm there 
was no evidence of preexcitation. In one of these 
(patient 5) oral flecainide caused more frequent epi- 
sodes of tachycardia although there was a persisting 
anterograde block in the pathway. Symptomatic 
control could not be achieved and flecainide was dis- 
continued and replaced by disopyramide. 

Patient 6 had two accessory pathways. When 
flecainide was given intravenously during ortho- 
dromic tachycardia the cycle length increased and 
the atrial activation pattern changed, suggesting ret- 


Table 3 Results for each arrhythnna 
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rograde block in one of the pathways, although the 
reentry tachycardia persisted and had to be termi- 
nated by programmed stimulation. Despite this 
response there has been no recurrence of symptoms 
since the start of oral flecainide. 

Patient 7 had already received oral flecainide in a 
dose of 4 mg/kg/day at his referring hospital and his 
episodes of tachycardia had become more frequent. 
Because intravenous flecainide given during electro- 
physiological study produced bidirectional block in 
the pathway, he was given a higher oral dose 
(10 mg/kg/day) and he is now free from symptoms. 


HIS BUNDLE TACHYCARDIA (TWO PATIENTS) 
Patient 8 had had episodes of ectopic His bundle 
tachycardia since infancy. Intravenous flecainide 
slowed the arrhythmia but failed to terminate it. 
Because all conventional antiarrhythmic drugs had 
been unsuccessful, oral flecainide was started and 
there has been no recurrence during 26 months fol- 
low up. 

In patient 9 the rate of an incessant His bundle 
tachycardia was reduced from 210 to 130 
impulses/minute by intravenous flecainide and satis- 
factory rate control has been maintained on oral 
treatment (with a resting heart rate of about 90 
beats/minute and a maximum rate of 140 
beats/minute on ambulatory monitoring). 


VENTRICULAR TACHYCARDIA 

(THREE PATIENTS) 

Two children had paroxysmal uniform ventricular 
tachycardia (patient 10, rate 220; patient 11, rate 290 
beats/minute) and the third (patient 12) had frequent 
self-terminating episodes of multiform ventricular 
tachycardia with rates of 320-400 beats/minute last- 
ing for up to several minutes at a time. The clinical 
history suggested the presence of a tachycardia 
for nine months, two weeks, and three weeks 
respectively. Despite the rate of the tachycardias, all 
three children were haemodynamically stable and 
oral treatment was started. Flecainide has success- 
fully controlled the arrhythmias in all three, with no 
recurrences. In patient 12 a progressive increase in 
dose was monitored with plasma concentrations. 








Intravenous Oral 
Diagnosis No No Success Failure No Success Failure 
CAP 4 2 2 — 4 3 1 
WPW 3 3 2 1 3 2 1 
HBT 2 2 +1 1 2 2 — 
Vr 3 — — — 3 3 — 
Total 12 7 5 2 12 10 2 


———————————————————————»———————— —ÀM 
CAP, concealed accessory pathway, WPW, Wolff-Parkinson- White syndrome; HBT, His bundle tachycardia; VT, ventricular tachycardia 
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Daily doses of 60 mg, 100 mg, 150 mg, and 200 mg 
produced plasma concentrations of 155, 114, 450, 
and 492 ug/l (0-33, 0-24, 0-95, and 1-04 mmol/l) 
respectively and suppression of ventricular tachy- 
cardia was achieved only on the highest dose. 


OVERALL RESULTS (TABLE 2) 

Seven patients were given intravenous flecainide 
during tachycardia. In four sinus rhythm was 
restored by 0-4—1-0 mg/kg of the drug. In the other 
three the arrhythmia persisted although the rate was 
reduced; but in only one was this a satisfactory 
response. 

All 12 patients received oral flecainide and in 10 
treatment has been successful. In two patients with 
accessory pathways oral flecainide was withdrawn 
because it caused more frequent symptoms; 
although in both cases intravenous flecainide had 
produced complete block in the pathway. 

All patients who received intravenous flecainide 
were subsequently given the drug orally. Successful 
intravenous treatment predicted continuing clinical 
benefit on oral treatment in four of five patients. In 
two patients (6 and 8), despite a poor response when 
the drug was given intravenously, oral flecainide has 
proved successful in preventing recurrence of the 


arrhythmia. 


UNWANTED EFFECTS 

With the exception of the exacerbation of arrhythmia 
in the two patients described above, no unwanted 
effects were observed or reported during intravenous 
treatment or during 276 patient-months of follow 
up. 


Plasma concentrations 

Results were obtained 1n seven patients (table 2) and 
on doses of 2-7-22:2mg/kg/day they ranged from 
343 to 535 ug/1 (0:72-1:13 mmol/I) which is within 
the lower end of the therapeutic range in adults. No 
abnormalities of haematological and biochemical 
indices were noted. ] 


Discussion ' 


Controlled randomised clinical trials of anti- 
arrhythmic drugs are scientifically important, but 
such study designs are not applicable to all clinical 
situations. Rare arrhythmias (that preclude the 
enrolment of adequate numbers of patients in a 
study), serious life threatening arrhythmias (raising 
ethical objections), medically refractory arrhythmias 
(introducing selection bias because of previously 
tested agents), and arrhythmias in children 
(demanding exceptional short and long term safety) 
are perhaps the most clinically umportant arrhyth- 
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mias but are those least suitable for controlled anti- 
arrhythmic drug studies. In this open study, 
flecainide acetate was given to paediatric patients 
who had manifest serious and/or medically refrac- 
tory arrhythmias. Flecainide was chosen because 
its electrophysiological actions have been well 
examined® and because it 1s important in the man- 
agement of arrhythmias in adults, including ventric- 
ular tachycardia? and the arrhythmias associated 
with the preexcitation syndrome.? 

In 10 of 12 patients an excellent therapeutic 
response was obtained either by complete sup- 
pression of the arrhythmia or by control of ventricu- 
lar rate. In eight of these 10 patients other anti- 
arrhythmic drugs had been ineffective or poorly 
tolerated, including amiodarone in two children. 

Arrhythmogenesis occurred in two patients with 
tachycardias caused by accessory pathways. Occa- 
sional arrhythmogenesis has been reported before* 
and might be predicted by the drug’s electro- 
physiological effects. Slowed conduction may 
1ncrease the excitable gap of reentrant arrhythmias, 
enhancing tachycardia although slowing its rate. 

The pharmacokinetics of flecainide in children are 
not established. Plasma flecainide concentrations 
were not investigated systematically in this study but 
results in seven patients were at the lower end of the 
adult therapeutic range.’ Adult patients are rarely 
given more than 4—5 mg/kg/day, whereas half of our 
patients required more than 5mg/kg/day. Even 
allowing for differences in body surface area these 
doses are higher than those used in adults; this fea- 
ture accords with paediatric use of other anti- 
arrhythmic drugs. 

'The place of flecainide in the treatment of pae- 
diatric arrhythmias will be determined by further 
experience and long term follow up. Nevertheless, 
this demonstration of the drug’s efficacy, safety, and 
relative freedom from unwanted effects suggests that 
it will be important in the management of selected 
paediatric arrhythmias and may prove an attractive 
alternative to more toxic antiarrhythmic drugs.? ? 


We thank Dr Stewart Hunter and Dr Hugh Bain for 
permission to report details of patients under their 
care and Dr David Holt of Guy's Hospital for 
performing the plasma flecainide estimations. 
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Cardiac damage in polymyositis associated with 
antibodies to tissue ribonucleoproteins 


WILHELMINA M H BEHAN,* PETER O BEHAN,ft JAN GAIRNS 
From the University Departments of * Pathology and t Neurology, Glasgow University, Glasgow 


SUMMARY Cardiac damage, consisting of mild diffuse myocarditis or severe inflammation and 
fibrosis of the conduction system or both, occurs in more than 70% of patients with idiopathic 
polymyositis. The lesions are strikingly similar to those detected in the infants of mothers with 
connective tissue diseases. In these infants the damage is associated with the transplacental pas- 
sage of a maternal antibody to tissue ribonucleoproteins (anti-Ro). The same antibody was 
identified in 60% of 55 patients with polymyositis and in 69% (23/33) of those with associated 
cardiac damage including four with complete heart block. Forty five per cent of those patients 
who were anti-Ro seropositive had no clinical or electrocardiographic evidence of cardiac lesions. 
They were in the acute phase of illness, however, and no other more detailed heart investigations 
had been done. 

It is postulated that cardiac damage in polymyositis is caused by the antibody and that its 


l 


presence may serve as a marker for heart involvement. 


Polymyositis is an inflammatory myopathy of 
unknown cause in which both hormonal and cellular 
abnormalities occur that may be related to a defect in 
immunoregulation.!? Skeletal muscle bears the 
brunt of the disease but the skin (dermatomyositis), 
heart, lungs, eyes, and kidneys may also be affected.? 
Cardiac lesions are of particular importance both 
because of their frequency, which has only recently 
been fully documented, and because they are one of 
the leading causes of death in this disease.) 5 
Numerous published reports (reviewed by Askari 
and Huettner?) show that approximately 70% of 
cases of polymyositis have evidence of cardiac dam- 
age with the conduction system showing the severest 
lesions in one third of those affected. Complete heart 
block can occur and may cause sudden unexpected 
death.) In some cases, however, the lesions are 
confined entirely to the right or left bundle branch. 
The lesions found in the cardiac conduction system 
resemble those of the neonatal lupus syndrome,$ 7 in 
which transplacental passage of a maternal auto- 
antibody to tissue ribonucleoproteins (anti-Ro) 
seems to cause the damage. We have examined 
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serum samples from a group of 55 well defined cases 
of polymyositis for anti-Ro. 


Patients and methods 


We examined serum samples collected from 55 
patients with polymyositis over the past 10 years at 
Glasgow hospitals. In each case the diagnosis was 
based on clinical history, laboratory tests, electro- 
myography, and muscle biopsy examination, 
according to stated criteria.? There were 17 male 
patients (eged 12—65 years, mean 38) and 38 women 
(aged 21—72 years, mean 46). They were classified 
into subgroups? as follows: subgroup I, pure poly- 
myositis (13 cases); subgroup II, pure der- 
matomyositis (23 cases); subgroup III, polymyositis 
or dermatomyositis associated with neoplasia (two 
cases); subgroup IV, juvenile polymyositis or der- 
matomyositis (six cases); and subgroup V, poly- 
myositis or dermatomyositis associated with other 
connective tissue diseases (11 cases). In the last 
group there were four cases of the mixed connective 
tissue disease syndrome, three with rheumatoid 
arthritis, and one with severe Raynaud's phenom- 
enon. 

Sixteen patients were examined in the acute phase 
of the disorder, from six wecks to three months after 
onset. In six of them a serum sample was obtained 


Antibodies in cardiac damage 

before treatment and in the other 10 it was collected 
after steroids had been given. The remaining 39 
cases had had chronic active polymyositis for four 
months to 15 years. Thirty six were taking pred- 
nisolone (5-10 mg/day) and two of these were also 
on azothioprine (100 mg/day). Three patients were 
taking no o drugs. 


CARDIAC COMPLICATIONS 
All patients had had electrocardiograms but most 
had no other cardiac investigations (table 1). 

The symptoms varied in degree from breath- 
lessness on exertion to severe biventricular failure 


and included angina, dyspnoea, and palpitation; five . 


patients had Adams-Stokes attacks. The most com-' 
mon electrocardiographic abnormalities were ST-T: 
changes, right and left axis deviation, and abnormal- 

ities of the left atrial complex; but 13 patients had 
obvious evidence of conduction disorders—that-is, 
five had complete heart block necessitating insertion 
of a pacemaker, four had right or left bundle branch 
block, and four had first degree heart block. Three of 


the patients with complete heart block died and in’: 
the two who came to necropsy there was almost ' 


complete fibrosis of the atrioventricular node with 
focal fibrosis of the bundle of His and.the bundle 
branches; rare focal myocarditis was also present. 
The other two patients survived after the insertion 


of pacemakers. T'wo' patients with right bundle ` 


branch block also died and necropsy confirmed focal 
fibrosis of the bundle, again accompanied by mild 
focal myocarditis and fibrosis." 


CONTROL POPULATIONS 

Control serum samples were obtained from the fol- 
lowing groups: (a) 100 normal healthy individuals; 
(6) 70 pregnant women attending ` an antenatal 
clinic; (c) 100 patients with other neuromuscular 
illnesses (multiple sclerosis, 60; myasthenia gravis, 
25; alcoholic myopathy, five; intervertebral' disc 
lesions, 10). 


DETECTION OF ANTIBODIES 


Serum samples were stored at.— 70°C until use and 


Tablel Cardiac symptoms and V elecsrocardiographic 
findings in 55 patients with polymyositis ' g 





' Noof 
cases (%) 
Dyspnoca, angina, palpitation, and/or heart failure 27 (49) 
abnormalities: 

Excluding conduction defects +19 Oe 

With conduction defects 13(24) 
"Total with clinical signs and symptoms and/or ; 

ECG findings 35(64) 
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'Table2 Detection of anti-Ro in 55 cases of polymyositis 
No of cases 

Patient group positrve 
Polymyositis 33/55 

Other neuromuscular diseases 1/100 

Normal pregnant women 0/70 

Normal healthy individuals 0/100 


then heat inactivated before testing. Antinuclear and 
anti-DNA antibodies were sought by standard indi- 
rect immunofluorescence techniques, with rat liver 
and Crithidia ‘luciliae as the respective sub- 
strates.!! !? Antibodies to soluble cellular antigens 
were detected by means of saline extracts of human 
spleen!? (a potent source of the small ribosomal 
nucleoprotein, Ro antigen, as well as the other 
nucleoprotein complexes, Sm and nRNP) and fresh 


` calf thymus, prepared as described for the human 


tissue.!^ For each extract the serum was screened 
first by double immunodiffusioní^ and then by 
counterimmunoelectrophoresis as outlined else- 
where. In the latter technique, known control 
antisera were incorporated and all positive results 
were confirmed by the demonstration of a complete 
reaction of identity with one of these known con- 
trols. 

Positive anti-Ro antisera were obtained with the 
help of Dr P J Maddison, Dr G R V Hughes, and the 
Center for Disease Control, Atlanta; the CDC also 
supplied anti-La, anti-nRNP, and anti-Sm antisera 
(antisera to related non-histone extractable nuclear 
antigens). 

The Ouchterlony plates were examined at 24, 48, 
72, and 96 hours whereas the plates produced on 
counterimmunoelectrophoresis were left overnight 


‘at room temperature, washed in 5% citrate for four 


hours and then in phosphate buffered saline for 48 
hours; and finally stained with Coomassie blue. 





Figure Counter immunoelectrophoresis with human spleen 
extract as the antigen source in the trough. Lines of identity 
are seen between positive anti-Ro antisera in wells 1-6. Wells 
1 and 4 contain anti-Ro positive control antisera: wells 2, 3, 
5, and 6 contain sera from four cases of polymyositis with 
complete heart block. Wells 7-9 contain negative sera from 
other patients with polymyositis. ENA, extractable nuclear 
antigens from spleen. 
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Table3 Detection of anti-Ro tn climcal subgroups of 
patients with polymyositis 











No ann-Ro 
Seroposttive 
Subgroup cases 
(1) Pure polymyositis 6/13 
(II) Pure dermatomyositis 15/23 
(IID Polymyosius/dermatomyosius associated 
with neoplasia 1/2 
(IV) Juvenile polymyositis/dermatomyositis 2/6 
(V) Polymyositis/dermatomyositis 
with connective tissue disease 9/11 
Total 33/55 (60%) 
Results 


Table 2 shows that 33 (60%) of the 55 cases of poly- 
myositis were seropositive for anti-Ro. The figure 
shows the positive results in four cases. One serum 
sample was anti-Ro positive in the control group of 
patients with other neuromuscular diseases; this 
patient had myasthenia gravis. Neither the normal 
pregnant women nor the healthy adult volunteers 
included any individuals with anti-Ro positive 
serum. 

Table 3 shows the association of anti-Ro with the 
individual clinical subgroups. The highest per- 
centage of anti-Ro positive sera (82%) was found-in 
subgroup V—that is in patients in whom myositis 
was associated with another connective tissue dis- 
ease. The next highest percentage was found in sub- 
group II (cases of dermatomyositis) in which 15 
(65%) of 23 serum samples were positive. In sub- 
group I (pure polymyositis) almost half of the 
patients were seropositive for anti-Ro, while among 
the juvenile cases there were two patients with anti- 
Ro positive sera, and in the neoplasia subgroup there 
was one. 

Table 4 shows how the serological findings 
correlated with evidence of cardiac involvement. 
Seventy per cent of cases with clinical or electro- 
cardiographic signs of cardiac damage were anti-Ro 
positive and 69% of patients with electro- 
cardiographic evidence of conduction defects were 
anti-Ro positive. Ten of 22 patients in whom there 
was no clinical or electrocardiographic evidence of 
heart damage were also anti-Ro positive. However, 
two of the patients were seen soon after (2 and 3 
months) onset of disease, and involvement of the 
heart may be a late phenomenon. Also more detailed 
tests might have revealed cardiac damage in these 10 
patients. 

Finally, patients who had electrocardiographic 
evidence of conduction disorders shown on the elec- 
trocardiogram were analysed separately (table 5). In 
the patients with the most severe damage, which led 
to complete heart block, four of the five sera tested 
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Table 4 Correlation between presence of anti-Ro and 
cardiac lesions im 55 cases of polymyositis 








No of cases 
Group positroe (%) 
Patients with cardiac involvement 23/33 (69) 
Patients with specific conduction 
damage 9/13 (69) 
Patients with no evidence of cardiac 
involvement 10/22 (45) 





were anti-Ro positive. One of them was a man of 42 
with dermatomyositis, who was anti-Ro sero- 
negative when he was first examined three months 
after onset of disease. Two years later, when he com- 
plained of weakness and breathlessness and needed 
insertion of a pacemaker, he was seropositive. The 
fifth serum was anti-La positive; the presence of this 
antibody may, rarely, mask the simultaneous pres- 
ence of anti-Ro.!® Three of the four patients with 
first degree heart block had anti-Ro and two of the 
four with bundle branch block lesions associated 
with polymyositis were also anti-Ro seropositive. Of 
the 13 patients with conduction disorders, therefore, 
nine (possibly 10) were anti-Ro seropositive. 

Tests for antibodies to the other non-histone 
nucleoprotein antigens La, nRNP, and SM showed 
that 13 of the anti-Ro seropositive patients were also 
positive for La antibodies while three patients had 
anti-La alone. Anti-nRNP was detectable in the four 
patients with the mixed connective tissue syndromes 
and anti-Sm in one other case. Two of the precip- 
itating antibodies detected on the Ouchterlony 
plates could not be identified. Antinuclear anti- 
bodies were present at titres ranging from 1/64 (five 
cases) and 1/256 (three cases) to 1/1000 (eight cases). 
The serum samples with a titre of 1/1000 all gave a 
speckled appearance on immunofluorescence. No 
DNA antibodies were found and systemic lupus ery- 
thematosus was not diagnosed in any patient. 


Discussion 


We have shown in this study that 60% of a large 
group of patients with polymyositis and 69% of 


Table5 Anti-Ro in patients with polymyositis and 
conduction disorders 





No of ant:-Ro 
Conduction disorder seropositive cases 
Complete heart block 4/5 
First degree heart block 3/4 
Right bundle branch block 1/3 
Left bundle branch block 1/3 
Total 9/13 (69%) 


Antibodies in cardiac damage 


those with associated cardiac damage had a antibody 
to tissue ribonucleoproteins (anti-Ro). Anti-Ro 
seropositivity is found in 0-195 of the normal 
population! so that it was approximately 700 times 
more common in these patients with polymyositis 
and heart lesions, including conduction defects. 
Four of five patients with complete heart block had 
anti-Ro and the fifth had a high titre of anti-La (an 
antibody whose presence may interfere with 
detection of anti-Ro).!Ó Ten cases who were anti-Ro 
seropositive did not have clinical or electro- 
cardiographic signs of heart damage. However, more 
sensitive methods of cardiac investigation would 
undoubtedly have revealed abnormalities, as has 
been shown conclusively in other series?; also heart 
damage tends to occur late.? Thus it is possible that 
the antibody is present for some time before the tis- 
sue injury develops. 

Heart lesions were originally thought to be very 
uncommon in polymyositis, but since the 1970s a 
large number of clinical'and necropsy reports have 
shown that from 70% to 100% of these patients will 
have evidence of cardiac damage and that cardiac 
failure is the third leading cause of death.*~> A 
whole range of heart abnormalities has been 
reported and damage to the conducting system 
results in various degrees of heart block in up to a 
third of patients.? Sudden unexpected deaths occur 
because of this damage and the cardiac lesions may 
progress even when the skeletal muscle lesions are 
improving. This indicates the importance of identi- 
fying a possible marker (such as anti-Ro) for heart 
injury. 

The cardiac lesions found in this disorder, and 
especially those affecting the conduction tissue, are 
the same in site, degree, and pathological features as 
those found in isolated complete congenital heart 
block.-5 1° This is why we thought that the same 
pathogenetic agent might be active in both condi- 
tions. There is strong evidence for the pathogenetic 
role of anti-Ro antibody in complete congenital 
heart block.? 16 18 1? Concentrations of the Ro anti- 
gen, which has recently been purified and 
characterised!? are highest in the heart and brain.?? 
This may explain the susceptibility of cardiac tissue 
to such damage. Mothers of affected infants, how- 
ever, do not appear to develop heart lesions.1° An 
explanation for this is that only developing cardiac 
tissue is susceptible. The results of our study, how- 
ever, show that adult cardiac cells can be severely 
damaged by anti-Ro. This may be because whereas 
the majority of the mothers are otherwise healthy, 
patients with polymyositis have such severe hor- 
monal and cellular immunological abnormalities 
that, in the presence of these immune aberrations, 
cardiac myocytes and Purkinje fibres can be 
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attacked. The HLA groups may also be important: 
anti-Ro was found in two of 10 cases of polymyositis 
associated with HLA-DR3.?! Other factors are 
fluctuations in antibody titre, which we noticed in 
two of our cases, and the hormonal milieu. All our 
patients with dermatomyositis, of whom 65% were 
anti-Ro seropositive, were female. As in the large 
series of congenital heart block,? some of our 
patients also had antibodies to other soluble cellular 
antigens. Thirteen of the anti-Ro seropositive 
patients also had anti-La. Four anti-Ro seronegative 
patients had anti-RNP and one had anti-Sm. 

An unexpected finding in our control group was 
that one of the 25 patients with myasthenia gravis, 
all of whom had heart disease associated with their 
myasthenia, was anti-Ro positive. These cases of 
myasthenia gravis were the subject of a recent 
review (J A Aarli, 1986, personal communication, 
and??). A larger series is now being examined to see 
whether anti-Ro is associated with cardiac damage 
in this other immune-mediated muscle disease. 

Finally, to some extent our findings resemble 
those recently reported for a similar autoantibody, 
anti-Jo-1.?? Anti-Jo-1 was found in 25% of patients 
with myositis alone; however, 68% of patients with 
myositis and pulmonary damage were seropositive. 
Anti-Jo-1 has therefore been suggested as a useful 
indicator of cryptogenic fibrosing alveolits in 
patients with myositis. 

Our results indicate that a specific autoantibody 
known to be associated with cardiac damage is 700 
times more common in patients with polymyositis 
and heart involvement than in the general popu- 
lation. We suggest that this antibody (anti-Ro) is a 
marker for cardiac injury in myositis and may 
indeed be the pathogenetic agent. A search for anti- 
Ro in patients with myositis may help to identify 
those at risk of sudden death from cardiomyopathy. 
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Dilated cardiomyopathy associated with haemolytic 


uraemic syndrome 


J POULTON,* CM TAYLOR,f J V DE GIOVANNI* 
From the Departments of *Cardiology and t Nephrology, The Children’s Hospital, Ladywood, Birmingham 


SUMMARY In two children with the haemolytic uraemic syndrome dilated cardiomyopathy 
occurred in the absence of hypertension, or fluid or electrolyte disturbance. These cases 
presented with acute left ventricular failure. Echocardiography showed left ventricular dilatation 
and reduced contractility. There was also ventricular wall thickening, which persisted. Twelve 
other children with haemolytic uraemic syndrome had prospective echocardiography. Eleven of 
them showed no evidence of cardiomyopathy and in one transient dilatation and reduced 


contractility developed without clinical signs. 


Dilated cardiomyopathy is a rare but important extrarenal manifestation of the haemolytic 
uraemic syndrome and is best demonstrated by echocardiography. 


Extrarenal manifestations of haemolytic uraemic 
syndrome are increasingly recognised and are 
responsible for much of the mortality and long term 
morbidity of the disorder.! The following cases 
establish that congestive cardiomyopathy can be a 
complication of the haemolytic uraemic syndrome. 
This complication is readily confirmed by echo- 
cardiography: 


Patients and methods 


CASE 1 

A 21 month old girl was admitted after nine days of 
bloody diarrhoea. Examination showed slight 
peripheral oedema; the heart rate was 110'beats/min, 
the respiratory rate 20 per minute, and blood pres- 
sure was 125/80 mm Hg. Haemolytic uraemic syn- 
drome was diagnosed on the basis of the following 
features: microangiopathic anaemia (haemoglobin 
8g/dl with schistocytes and burr cells), throm- 
bocytopenia (platelet count 100 x 10?/D, and oli- 
guric renal failure (plasma creatinine 783 pmol/l). 
Peritoneal dialysis was performed from the third to 
twenty first day after admission. Apart from the 
admission measurement blood pressure remained in 
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the normal range without treatment. On the fifty 
sixth day left ventricular failure developed. An elec- 
trocardiogram and a chest x ray were performed for 
the first time at this stage of the illness; the former 
showed non-specific transient T wave changes and 
the x ray showed global cardiomegaly and pul- 
monary oedema. Echocardiography showed a 
dilated left ventricle with increased mural thickness 
and global functional impairment. The ventricular 
septal thickness measured 0:7cm (normal (mean 
(SD)) 0-47 (0-09) cm) and the left ventricular poste- 
rior wall 0-66 cm (normal 0-45 (0-09) cm). She was 
treated with frusemide and digoxin. Subsequently 
the blood pressure rose to 140/90 mm Hg and was 
satisfactorily controlled thereafter with methyldopa. 

Histological examination of a renal biopsy speci- 
men obtained on the fifty second day showed total 
sclerosis in 60% of glomeruli, atrophy of the capil- 
lary tufts in many of the remainder, and consid- 
erable tubular atrophy. Intimal proliferation and 
medial hypertrophy were seen in small and medium 
sized arteries. 

At one year follow up the child had stable chronic 
renal failure and moderate proteinuria. The figure 
shows echocardiographic measurements over this 
period. The left ventricular diastolic dimension 
returned to normal but left ventricular function 
remained abnormal and mural thickness continued 
to be above the normal range. The chest x ray was 
normal. Digoxin was discontinued after a year and 
she continued to be treated for hypertension. 
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Figure Left ventricular (LV) dimension and fractional shortening derived from serial echocardiograms tn cases 1 and 2. 


Arrow indicates onset of pulmonary oedema. 


CASE 2 

An eight year old boy presented with headaches, 
lethargy, and vomiting for two weeks and bruises 
and haematuria for three days. On examination his 
pulse was 120 beats/min, blood pressure 120/65 
mm Hg, and he had a purpuric rash. Haemolytic 
uraemic syndrome was diagnosed because acute 
renal failure; microangiopathic anaemia, and throm- 
bocytopenia were present. Over the next 14 days he 
progressed to end stage renal failure and was there- 
after maintained on chronic peritoneal dialysis. On 
the sixteenth day his blood pressure was labile 
between 115/80 and 150/110 mmHg. This was 
promptly treated with a fl blocker. About this time a 
transient left partial hemiparesis developed and he 
had two focal convulsions. 

The echocardiogram on admission showed slight 
ventricular dilatation, consistent with anaemia, and 
slight fluid overload but normal function. The elec- 
trocardiogram showed voltage changes consistent 
with left ventricular hypertrophy. On the twenty 
first day after admission acute pulmonary oedema 
developed. Serial echocardiograms showed slight 
dilatation of the left ventricle but there was a consid- 
erable reduction in ventricular function (figure). 


These abnormalities persisted despite a change in 
the antihypertensive treatment from a f blocker to 
captopril. Throughout this period his fluid and elec- 
trolyte balance was well controlled by peritoneal dia- 
lysis. Unlike case 1 his left ventricular contractility 
returned to normal within four months. 

In both cases serological tests for eleven common 
viruses, including six types of Coxsackie B, were 
negative. 

After our experience with case 1, all patients with 
haemolytic uraemic syndrome underwent prospec- 
tive echocardiography during their acute illness. In 
addition to the two cases described above, twelve 
other children were examined. Eleven had no evi- 
dence of cardiomyopathy. In one child minor and 
transient dilatation and a reduction in contractility 
developed without clinical signs. 


Discussion 


As in other forms of acute renal failure, the cardiac 
complications of haemolytic uraemic syndrome are 
usually secondary to volume overload, hypertension, 
and hyperkalaemia. Although hypertension was seen 
in cases 1 and 2 it was unrelated to the onset of car- 
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diac dilatation. It occurred after demonstration of 
poor left ventricular function in case 1 and was tran- 
sient and not severe in case 2. Cardiomyopathy is not 
8 feature of acute renal failure but it may be seen in 
end stage disease. Myocarditis has been described in 
two children with haemolytic uraemic syndrome 
whose illness appeared to be precipitated by Cox- 
sackie B infection.? In our patients none of these 
recognisable factors offers an explanation for the 
cardiomyopathy and although myocarditis is 
unlikely it cannot be entirely excluded. Although we 
could not rule out the possibility that a separate dis- 
ease process was responsible for the cardio- 
myopathy, the temporal relation with haemolytic 
uraemic syndrome suggested that this disease was a 
more probable cause. 

Extrarenal manifestations in haemolytic uraemic 
syndrome are becoming more clearly defined.? * 
Some histological studies have identified micro- 
vascular obstruction caused by endothelial swelling 
and intravascular thrombus with local myocardial 
ischamia.! It appears from our experience and a past 
report, however, that previously unexplained left 
ventricular failure may occur several weeks after the 
resolution of the blood film abnormalities. It is 
therefore difficult to relate the cardiomyopathy to 
the acute microvascular obstruction. 

In cases 1 and 2 echocardiography showed that 
myocardial impairment improved slowly with time 
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and that ventricular dilatation and hypertrophy 
persisted. Furthermore, echocardiography was 
capable of identifying cardiac abnormalities in the 
absence of either physical or radiological signs and is 
therefore the investigation of choice. Despite the 
rarity of cardiac involvement, routine echocardio- 
graphic screening of children with haemolytic urae- 
mic syndrome should be performed because of the 
important clinical implications for the management 
of hypertension and for prognosis. 
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Reversed offsetting of the septal attachments of the 
atrioventricular valves and Ebstein’s malformation of 
the morphologically mitral valve 
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SUMMARY  Ebstein's anomaly of the tricuspid valve is characterised by downstream displacement 
of the tricuspid leaflets. In the case of the septal leaflet, the result is exaggerated offsetting of the 
atrioventricular valves. Thus it might be supposed that in Ebstein's anomaly of the mitral valve, 
downstream displacement of the aortic (septal) leaflet of the mitral valve could move its attach- 
ment beyond that of the tricuspid valve, resulting in reversed offsetting. To examine this hypoth- 
esis three patients each with a concordant atrioventricular connection were studied. The first, 
with Marfan's syndrome and without an abnormal mitral valve, had reversed offsetting shown by 
echocardiography. The second, without Marfan's syndrome and with Ebstein's anomaly of the 
mitral valve, showed echocardiographically normal offsetting but a displaced mural leaflet. The 
third, in whom Ebstein's anomaly of the mitral valve was confirmed at necropsy, showed all 
the features of the second case, with normal offsetting of the atrioventricular valves. 

Thus reversed offsetting is not a feature of Ebstein's anomaly of the mitral valve and in the first 
case this feature was caused by upward displacement of the tricuspid valve secondary to dilation 


of the aortic root. 


In hearts with the usual atrial arrangement (solitus) 
and concordant atrioventricular connection, four 
chamber echocardiographic sections show that the 
septal attachment of the mitral valve is usually closer 
to the atria than the septal attachment of the tri- 
cuspid valve. The detection of mirror image 
arrangement of this anticipated offsetting of the 
atrioventricular valves in hearts with the usual atrial 
arrangement has, when the septal structures are 
intact, been described as a significant finding in 
some hearts with discordant atrioventricular con- 
nection.' ? We have encountered this reversal of 
the normal offsetting of the atrioventricular valves in 
the presence of concordant atrioventricular and ven- 
triculoarterial connections with the usual atrial 
arrangement. This suggested to us the diagnosis of 
Ebstein's anomaly of the left sided mitral valve, a 
rare but well recognised lesion.*? Subsequent 
examination of a necropsy example of this 
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malformation together with a case examined 
echocardiographically showed that this lesion does 
not produce reversed offsetting. When considered in 
terms of the arrangement of the normal mitral valve, 
this is to be expected. The findings in the initial case 
were subsequently shown to be due to enlargement 
of the aortic root in the setting of Marfan's 
syndrome. 


Patients and heart studied 


The first patient was born at 34 weeks’ gestation 
weighing 1-9 kg and was delivered by caesarean sec- 
tion because of maternal toxaemia of pregnancy. 
The early necnatal period was complicated by severe 
hyaline membrane disease and persistent fetal circu- 
lation requiring intermittent positive ventilation for 
10 days and tolazoline infusion for three days. After 
extubation the infant remained tachypnoeic. At 
seven weeks severe heart failure had developed and 
he was failing to thrive. During this time he was pink 
with normal peripheral pulses. There was leftward 
displacement of the cardiac apex and a prominent 
precordial impulse. A grade 4/6 pansystolic murmur 
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and a grade 2/6 mid-diastolic rumble were audible at 
the apex. He was also noted to have dysmorphic fea- 
tures with a high arched palate and elongated 
fingers. The electrocardiogram showed sinus 
rhythm with a normal precordial R/S progression 
pattern for age. The chest radiograph showed a mild 
degree of pulmonary venous congestion with slight 
enlargement of heart size. 

Cross sectional echocardiography showed a sym- 
metrical arrangement of the inferior caval vein and 
abdominal aorta with the former to the right, indi- 
cating usual atrial arrangement (situs solitus). The 
usual offsetting of the atrioventricular valve was 
reversed in the apical four chamber section (fig 1), 
but the left sided ventricle was of a morphologically 
left pattern and the left valve was a typical mitral 
valve. There was moderate prolapse of both leaflets 
of the valve with enlargement of the left atrium. The 
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Figl A four chamber echocardiogram (a) showing 
reversed offsetting of the septal attachments of the 
atrioventricular valves in a patient with usual atrial 
arrangement and concordant atrioventricular connection. 
The patient was also shown (b) to have gross dilatation of 
the aortic root. The diagnosis was Marfan's syndrome. 


ventriculoarterial connection was concordant an 
the great arteries were normally related. The aort 
root was noted to be grossly dilated. Cardiac cath 
eterisation excluded an intracardiac shunt and selec 
tive left ventriculograms showed mitral 
gitation and confirmed the presence of sever 
dilation of the aortic root. An initial diagnosis 
Ebstein's anomaly of the mitral valve was consider 
because of the results of sectional echi 
cardiography. This was not the case (see below 
Instead, the reversed offsetting was the consequen 
of the severely dilated aortic root caused by Mar 
fan's syndrome. 

Subsequently we encountered a child who wa 
shown during life to have Ebstein's malformation 
the morphologically mitral valve. He presented wit! 
a heart murmur at six weeks of age and by four 
months became cyanosed when he cried and he wa 
tachypnoeic. Cardiac catheterisation at the referring 
centre showed a normal atrial arrangement, a con 
cordant atrioventricular connection, and doubl 
outlet right ventricle with a subaortic ventricular 
septal defect, pulmonary arterial and venous hyper 
tension (mean left atrial pressure 30 mm Hg), and 
mitral regurgitation. The child was referred to th« 
Hospital for Sick Children, Great Ormond Street 
London at six months of age. Cross sectional echo 
cardiogram demonstrated normal offsetting of 
proximal septal attachments of the atrioventricular 
valves (fig 2a). The mural leaflet of the mitral vals 
however, was grossly displaced towards the apex 
the left ventricle (fig 2b). The mitral regurgitation 
confirmed at catheterisation, was therefore a cor 
sequence of Ebstein's malformation of the mo 
phologically mitral valve. The child was treated by 
banding of the pulmonary trunk and Blalock 
Hanlon septectomy. This was successful and he wa: 
discharged home 10 days later and has done well for 
the past three years. 

We had previously studied a heart from the 
Cardiopathological Museum of the Hospital for 
Sick Children, Great Ormond Street, Londor 
which had been the arbiter of appropriate ech« 
cardiographic diagnosis during life. The atria 
arrangement and chamber connections were all no: 
mal. The salient anatomy concerned the left atri 
ventricular valve. Although this was of a basically 
mitral pattern, the anatomy was more unusual. TI 
aortic (anterior) leaflet of the valve was, as expected 
in fibrous continuity with the aortic valve, but 
showed a partial arcade lesion, the papillary muscles 
being continued as a muscular ridge along the lead 
ing edge of the valve leaflet. The mural aspect of th 
valve was grossly distorted, being densely adherent 
to the pariental wall of the ventricular inlet with n 
true delamination of leaflet tissue (fig 3). There wa 
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no tension apparatus present for this part of the 
valve. The appearance was similar to that of 
Ebstein's anomaly of the morphologically tricuspid 
valve. In Ebstein's anomaly of the tricuspid valve, 
however, it is displacement of the septal leaflets that 
results in exaggerated offsetting of the annular 
attachment at the level of the atrioventricular sep- 
tum. The mural rather than the septal leaflet of the 
mitral valve was found to be affected in this case. A 
four chamber section cut through the heart (fig 3b) 
showed that the aortic leaflet of the valve was 
attached at the expected position. The displaced 
segment of the valve was exclusively attached to the 
parietal wall of the ventricular inlet component. 
There was not, therefore, any reversal of the 
offsetting in the region of the atrioventricular sep- 
tum. 


Discussion 


Reversed offsetting of the normal atrioventricular 
valve attachments in the setting of usual atrial 
arrangement (solitus) should alert the echo- 
cardiographer to the possibility of a discordant 
atrioventricular connection. A scan along the inlet 
ventricular septum will then demonstrate the attach- 
ment of the tension apparatus of the atrioventricular 
valves. The septal leaflet of the morphologically tri- 
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Displaced mural 
Cross sectional echocardiograms from a patient with Ebstein's malformation of the morphologically mitral valve 
showing (a) the normal offsetting of the atrioventricular valves and ( b) the downward displacement of the mural leaflet. 
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cuspid valve always has multiple attachments to the 
inlet septum. This is in contrast with the mitral 
valve tension apparatus which is attached to the 
paired papillary muscles away from the septum. A 
distinct cleavage plane is always found between 
valve and septum on the morphologically left side. 
The use of these criteria, along with those of 
others usually used for ventricular identification, 
made it easy to demonstrate the presence of a con- 
cordant atrioventricular connection in our initial 
case. It was then tempting to propose that the 
reversed valvar offsetting was due to the rare abnor- 
mality of Ebstein's malformation of the mor- 
phologically mitral valve, particularly since the valve 
was known to be regurgitant. The morphology of 
this condition has been described by Ruschhaupt 
et al^ and we have seen both the case reported here 
(which has been illustrated elsewhere?) and a further 
case in the collection of Children's Hospital of 
Pittsburgh, USA. All of these show that it is the 
mural leaflet of the mitral valve rather than the aortic 
leaflet that is displaced into the left ventricle. This 
necropsy finding was subsequently confirmed in life 
by echocardiography of our second case. The 
arrangement is to be expected, since the aortic leaflet 
of the mitral valve, as its name suggests, is in fibrous 
continuity with the aortic valve. It spans the inlet- 
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The salient morphological features of Ebstein's malformation of the morphologically mitral valve 
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a) Shows the 


opened valve, the mural leaflet being downwardly displaced. The four chamber section (b) shows that the valve retain 


expected level of attachment at the atrioventricular septum. 


outlet junction of the left ventricle and cannot be 
displaced along the parietal wall or septum because 
it is not related to either of these structures. There- 
fore, apical displacement of the mitral valve leaflet 
was not the explanation for the echocardiographic 
features in our first patient. Rather it was upward 
displacement of the leaflets of the tricuspid valve by 
the dilated aortic root. The appropriate diagnosis is 
Marfan's syndrome.^ This is supported both by the 
dysmorphic features of the patient and the presence 
of prolapse of both leaflets of the mitral valve. In 
contrast, in the second case the mitral regurgitation 
was indeed due to Ebstein's malformation of the 
morphologically tricuspid valve. To the best of our 
knowledge this is the first non-invasive diagnosis of 
this rare lesion. 

RHA is supported by the Joseph Levy Foundation 
and FJM by the Vandervell Foundation. They are 
both supported by the British Heart Foundation. 
ML was a visiting fellow at the Brompton Hospital 
from the Grantham Hospital, Hong Kong. 
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The British Cardiac Society Working Group* on 
Coronary Prevention: conclusions and 


recommendations 


The Working Group was appointed by the British 
Cardiac Society to make recommendations on reduc- 
tion of coronary heart disease primarily to cardiol- 
ogists, general physicians, and general practitioners 
but also to related professionals and, where relevant, 
to health service administrators and government. It 
was instituted in October 1985 and has met six times. 


Conclusions and recommendations 

Coronary heart disease is complex and multifactorial 
in origin. The recommendations aimed at its reduc- 
tion put forward in this report are based on the 
weight and consistency of the evidence and the likely 
balance of benefit and harm. They cannot be based 
on certainty of effectiveness. 

Coronary heart disease is a widespread and com- 
mon disease. It is the greatest single cause of death 
in the United Kingdom, leading to one third of all 
deaths in men and a quarter of all deaths in women. 
Mortality is higher than in most other countries, 
with particularly high rates in Scotland, Northern 
Ireland, and Wales. 

There has been a small decline in mortality from 
coronary heart disease in England, Wales, and Scot- 
land since 1979 and this is most evident in men aged 
35-44 years. It is likely that this favourable trend is 
related more to changes in incidence of the disease 
than to reduction in case fatality. While it is not 
possible to identify the specific influences that may 
be responsible, reduction of cigarette smoking and a 
healthier diet have probably contributed. 

We recognise, however, that multifactorial inter- 
vention trials have not fulfilled their hopes, although 
the results of trials of lowering raised blood choles- 
terol or raised blood pressure in those at special risk 
are encouraging. We also recognise that coronary 
atherosclerosis in adults has not yet been shown 
convincingly to regress and that other pathogenic 
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processes leading to coronary heart disease, such 
as thrombosis and plaque fissure, may not be 
influenced greatly by control of the three main coro- 
nary risk factors—cigarette smoking, raised blood 
cholesterol, and raised blood pressure. It is unlikely, 
therefore, that coronary heart disease will be pre- 
vented wholly by control of these risk factors. Never- 
theless, there is very strong circumstantial evidence 
from many experimental, biochemical, and epi- 
demiological studies that the disease should be pre- 
ventable. We, therefore, endorse fully the principles 
put forward in 1976 by the Joint Working Party of 
the Royal College of Physicians of London and the 
British Cardiac Society and recommend that cardiol- 
ogists in particular, and the medical profession in 
general, should implement the following health 
measures. 


SMOKING 

Every opportunity should be taken to influence the 
population—and central and local authorities—to 
eliminate cigarette smoking, particularly in young 
people. 


CHOLESTEROL 

Those with blood cholesterol concentrations above 
6:5 mmol/l (250 mg/dl) should be given dietary 
advice. This may need to be combined with drug 
treatment when the concentrations are greater than 
7:8 mmol/1 (300 mg/dl). The aim should be to lower 
total cholesterol towards 5:2 mmol/l (200 mg/dl). 
This is particularly important for young men. 


DIET 

So far as specific dietary advice is concerned, we 
endorse the most recent recommendations from the 
Panel on Diet in Relation to Cardiovascular Disease 
(Committee on Medical Aspects of Food Policy: 
Diet and Cardiovascular Disease (1984)). The con- 
sumption of fat in the United Kingdom should be 
reduced so that no more than 35% of food energy 
comes from total fat and 15%, of food energy from 
saturated fatty acids. The ratio of polyunsaturated 
fatty acids to saturated fatty acids (the P:S ratio) 
should be increased to 0-45. The more stringent rec- 
ommendations of the Expert Committee of the 
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World Health Organisation (1982) that energy from 
total fat should be limited to 30% of food energy and 
energy from saturated fats to 10% of food energy are 
not recommended for the general population at the 
present time but these limits are appropriate for 
individuals at special risk of coronary heart disease. 
The consumption of fibre rich carbohydrates should 
be increased to compensate for the reduced intake of 
fat. The dietary intake of common salt should be 
decreased. 


BLOOD PRESSURE 

Lowering of raised blood pressure by drug treatment 
has not been shown convincingly to reduce the inci- 
dence of myocardial infarction, though the beneficial 
effects of treatment on the incidence of stroke and 
cardiac failure are undoubted. Those with diastolic 
pressures above 100 mm Hg require treatment and 
attention to other risk factors. 


OBESITY 
This should be avoided in adults and in children by 
a combination of appropriate food intake and regular 
exercise. 


EXERCISE 
Physical activity should be encouraged as a normal 
part of daily living. 


CHILDREN'S DIET 

Particular attention should be given to the provision 
of a healthy diet, as outlined above, to children over 
the age of five. 


In order to implement these recommendations, 
cardiologists, consultant physicians, general prac- 
titioners, health authorities, and related profession- 
als must assume a more active role than in the past. 
We recommend, therefore, that: 

(a) Cardiologists should give the lead in estab- 
lishing a really effective policy, particularly in their 
regions, to prevent and reduce coronary heart dis- 
ease. The practice of clinical cardiology should 
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include preventive measures for individuals at spe- 
cial risk. Collectively, through the British Cardiac 
Society, they should advise central and local govern- 
ment on the most effective ways of preventing the 
disease. To ensure that up to date advice is provided, 
reports should be issued by the British Cardiac 
Society at intervals of not more than five years. 

(b) General practitioners should be more active in 
the prevention of coronary heart disease. There are 
many opportunities for health promotion and disease 
prevention in daily practice and for seeking those 
with a high risk for coronary heart disease. A key 
asset for general practitioners is their access to fami- 
lies: vascular diseases often run in families and yet 
this knowledge is poorly used for preventive pur- 
poses. There is already a very large measure of 
agreement of what should be done. This needs to be 
emphasised, since inappropriate prominence is often 
given to areas of controversy. 

(c) Health authorities should recognise their 
potential in the prevention of coronary heart disease 
and incorporate prevention into planning and deliv- 
ery of health services. Cardiologists and general 
practitioners should collaborate with community 
physicians and health education officers in heart dis- 
ease prevention teams in every district and ensure 
that adequate resources are provided. 

(d) The media should be informed more pur- 
posefully. Cardiologists (in particular), epidemio- 
logists, and all doctors concerned with health edu- 
cation need to make a more coordinated and 
sustained effort to guide the media with accuracy, 
judgement, and responsibility towards effective 
prevention of coronary heart disease. 

(e) The need for more research has received little 
attention from most of the national and international 
reports of the last ten years. We do not yet have all 
the answers to the prevention of coronary heart dis- 
ease and more basic clinical and epidemiological 
studies are essential. Government should recognise 
these deficiencies in knowledge and provide funds to 
support more investigation as part of its overall pro- 
gramme for the prevention of coronary heart disease. 


Br Heart 7 1987;57:190-3 


Did Einthoven invent a string galvanometer? 


HOWARD B BURCHELL 


From the Cardiovascular Division, University of Minnesota School of Medicine, Minneapolis, USA 


Clinical electrocardiography belongs wholly to this 
century and stems from a paper of Willem Eint- 
hoven “Un nouveau galvanométre” in 1901.! The 
epochal work of Waller in 1887,? which showed that 
in man cardiac potentials could be recorded, had 
aroused Einthoven's interest and he devoted a large 
part of the next three decades to perfecting high 
fidelity methods of studying these potentials with 
instruments of his design. 

In a recent review paper Cooper? opined that 
Einthoven did not invent the string galvanometer 
and invited the inference that Einthoven did not give 
proper priority and credit to Ader. This raises 
semantic problems regarding the word "invent" and 
casts doubts on the veracity of Einthoven's account 
of his own work. It is not a new controversy and 
undoubtedly some writers, historically minded but 
not necessarily historical scholars, have used the 
word "invent" loosely. The hearsay opinion has 
been repeated in the literature: that Einthoven had 
his instrument built just by adapting already known 
equipment to his purpose. For instance, Barker 
(1910) in a long paper extolling the great clinical 
possibilities of electrocardiography, states “Eint- 
hoven of Leyden devised his string galvanometer 
based upon the suggestions of Ader."* 

My argument endorsing the propriety of the use 
of the word “invent” for Einthoven's instrument is 
based on the following points. The meaning of any 
word is defined by its common use. When a person 
does something in a new and effective way he is said 
to be inventive or ingenious. In the legal world, the 
word has implications for patent rights. There is no 
evidence that Einthoven had strong aspirations for a 
controlling patent. Snellen? mentioned that any 
such claims would be abrogated by the publication 
in 1909 of the detailed specifications of his string 
galvanometer. I believe that within observed patent 
practices Einthoven's string galvanometer could 
have been patented because it was designed for a 
purpose and was a success in obtaining objectives 
not previously achieved. It was not a discovery and 
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much more than a gadget, and I submit would meet 
one encyclopaedic definition of an invention.? Eint- 
hoven (1903) condensed his views of his accom- 
plishments in these words. “I have constructed an 
apparatus ... specifically designed to give direct reg- 
istration of the human electrocardiogram which will 
give true readings."" Einthoven was generous in 
giving credit to other investigators. When he read a 
paper before the Chelsea Medical Society (1912) he 
praised Waller and Lewis, and credited Waller with 
coining the term electrocardiogram: “It gives me 
especial pleasure to bring to remembrance here that 
the human EKG was first recorded by a London 
physiologist, Augustus D Waller, who also intro- 
duced the term ‘electrocardiogram’ into science."? 
Einthoven was unhappy with the editing of this 
paper, as judged by his correspondence with Lewis. 

Many scientists have apparently felt comfortable 
with the use of the word "invention" for the Eint- 
hoven instrument. Below is a list of short quotations 
from papers in which the word "invent" was used. 

Waller (1909): "Professor Einthoven's results 
with ... the extraordinarily sensitive galvanometer 
he has invented ..."? 

Lewis (1911): “The string galvanometer in its 
present form, the invention of Einthoven ...".!? In 
an obituary (1927) Lewis stated *“*. . . he moved to the 
principle of Ader’s instrument . . . constructed a gal- 
vanometer greatly surpassing all previous instru- 
ments created a piece of apparatus of 
unparalleled delicacy and accuracy." !! 

A V Hill (1927) (in obituary): “The problem of 
recording these small and fleeting changes ... was 
solved in 1903 by the invention of the string gal- 
vanometer."! * 

H B Williams (1947): “Accordingly, I agree with 
you (A E Cohn) that the record should leave no 
doubts on the score that Einthoven was the inventor 
of the electrocardiograph."'! 

White (1949): “Finally in 1903 came the 
announcement of the invention of the accurate and 
practicable galvanometer (Einthoven)."!* (Curi- 
ously in the first and second editions of Heart Dis- 
ease the word used was ''discovery"; this was 
changed to “invention” in the third edition.) 

De Waart (1961): “Persevering in inventing and 
constructing his string galvanometer.”’!> 
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Did Einthoven invent a string galvanometer? 


Burch and DePasquale (1964): *(Einthoven) will 
always be remembered as the inventor of the string 
galvanometer."!^ 

Zachary Cope (1973): “The great development of 
this subject was largely due to the invention of the 
string galvanometer by Einthoven.” '7 

Snellen (1983): “The mathematical correction (of 
the capillary electrometer tracings) although satis- 
factory was cumbersome and Einthoven therefore 
invented a new instrument."!* 

The following are excerpts from work by other 
knowledgeable scientists. They are quoted because 
they use phrases or words that are equivalent to the 
word “invent”: 

Wenckebach (1927) (obituary): **Seine Grosstat, 
der er einen grossen Teil seines Lebens gewidmet, 
war das Saitengalvanometer."'! ? 

Samojloff (1930): **First of all, he is the creator of 
electrocardiography.''?? 

Wilson (1940): (After work with capillary elec- 
trometer) **He was then able to determine the char- 
acteristics which an instrument suitable for his 
purpose (should have) and in 1903 he completed the 
first model of what has since been known as the 
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string galvanometer.”?! 


Barron (1950): “Realising the limitation of this 
method (capillary electrometer), he devised a more 
simple sensitive and accurate means of recording 
these fluctuating potentials." ^? 

Wiggers (1961): “Einthoven, therefore, under 
took careful mathematical studies of the character 
istics of moving coil galvanometers which eventually 
led him to employ the principle that a wire placed 
between two magnets bows when traversed by an 
electric current.’’?4 

Adrian er al (1976): “Einthoven introduced th 
string galvanometer in 1901.?* 

The Nobel Committee, as is reflected by the 
presentation speech of Professor 
avoided any controversy: the justification of thi 
award was for Einthoven's "discovery of the mech 
anism of the electrocardiogram" (a 
ambiguous phrase), and Einthoven's name was 
“linked to the design of a physical instrument" (the 
string galvanometer). Einthoven’s Nobel lecture was 
given in German, but there is an English translation 
in the published Nobel lectures. The title of Eint 
hoven's address was “The string galvanometer and 
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Figure A photograph taken in Einthoven's laboratory in about 1908 given to the author by Dr George Fahr. The string 


galvanometer in the background is obscured. Dr Fahr is the young man on the left and Dr Einthoven is appropriately in the 


centre and at the front. 
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the measurement of the action currents of the 
heart." This oration, as Snellen has pointed out, 
“constitutes an important review of a lifetime's 
work." All the 26 figures also reflect the high tech- 
nical quality which he demanded in his records. 

'Those of us who have worked with a string gal- 
vanometer may be at a disadvantage when it comes 
to objectively assessing this instrument; love and 
admiration for the instrument may have engendered 
a bias. As well as saying that Einthoven ‘“‘did not 
invent the string galvanometer" Cooper also states 
that “he was not the first to describe the electro- 
cardiogram."? The claim that the PORST wave 
form that was calculated by Einthoven from records 
taken on the capillary electrometer is the first true 
description of the electrocardiogram is not without 
support, as Professor Johanssen said in the Nobel 
presentation speech: “Einthoven can thus be named 
the discoverer of the real electrocardiogram." Eint- 
hoven added the U wave later in 1903. This was a 
contribution of the string galvanometer. Waller 
expressed his admiration for Einthoven's records, 
and mentioned specifically that with his own 1887 
apparatus, “the P wave was not discernible."? Is it 
really correct to claim that Ader's galvanometer 
“was the type of instrument that Einthoven later 
used to introduce clinical electrocardiography"': the 
implication being that Einthoven's instrument 
resembled that of Ader. It was many thousand times 
more sensitive, not merely an adaptation of the Ader 
instrument. Einthoven’s credits to Ader in both his 
1901 and 1909 papers! ?? seem adequate to me. It is 
not reasonable to equate Einthoven’s considerable 
improvements of the capillary electrometer with the 
profound changes that were needed to create his 
string galvanometer electrocardiograph from exist- 
ing galvanometers. George Fahr, talking with me in 
his later years of his period with Einthoven, was can- 
did in mentioning that Einthoven had rather clumsy 
hands and was somewhat secretive about his instru- 
ment when visitors came (this is contrary to the 
statements of others) (fig). Fahr, however, never said 
anything to impugn Einthoven’s integrity or to 
imply that Einthoven had adapted Ader’s instru- 
ment. In the late years (1920) there was some 
secrecy; access to the laboratory was forbidden on 
Fridays because of experimental wireless trans- 
missions from Einthoven's son who was in the 
Dutch East Indies. 

Burch and DePasquale recount a story, the source 
of which is not given, that Edelman manufactured 
the first galvanometers of the Einthoven design 
under an arrangement whereby Einthoven was to 
receive a $25 royalty for each instrument that was 
sold.'® After adapting the instrument and using his 
knowledge of an existing Ader galvanometer Edel- 
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man reneged on payment of the royalty. Whatever 
the details of the falling out with Edelman, the event 
did initiate the development of companies in 
England?? and the United States!? to manufacture 
the string galvanometer with Einthoven's “‘bless-~ 
ing." Here then is prima facie evidence of a cor- 
porate acknowledgement of Einthoven's rights to a 
patent. 

Einthoven would probably have approved 
Cooper's assertion that Bosscha “provided both a 
theoretical and practical support for Einthoven’s 
work”; however, it still seems an exaggeration of 
Bosscha’s role. He was not a teacher of Einthoven. 

The labelling of the wave forms according to the 
PQRST convention was never explained in writing 
by Einthoven. Waller tried to maintain his original 
rubric “V, and “V,” but he was unsuccessful in 
gaining disciples of his cause. I believe that Henson 
gives the best description of the origins of the 
PQRST nomenclature, which was based on the geo- 
metrical convention of Descartes (by coincidence in 
a book published in Leiden in 1637).?' 

My admiration of Willem Einthoven does not pre- 
clude a suspicion that he might have been possessive 
about "his" string galvanometer and that this atti- 
tude could have contributed to his estrangement 
from Edelman and the break up of his relationship 
with the clinicians in his hospital. Fahr relates?? that 
the termination of the collaboration with the hospi- 
tal physicians was engendered by an argument about 
who was to pay for the telephone line linking the 
hospital with the physiology laboratory for the 
transmission of electrocardiograms; another story 
was that “his occasional electrocardiographic argu- 
ments displeased the clinicians so much that in due 
course, the latter severed the connection.” 
Wiggers?? mentions in his encomium that Otto 
Frank once remarked “that in visit to Leiden, 
Einthoven had never invited him into his laboratory. 
It may be added parenthetically that Einthoven 
made a similar remark about Otto Frank.” 

Successful individuals rarely receive universal 
acclaim for being true gentlemen as did Einthoven. 
It is worth repeating a few sentences from the con- 
cluding paragraphs of his Nobel address: 

“... Thomas Lewis who has played a great part 
in the development of electrocardiography ... I 
doubt that without his valuable contributions, I 
should have the privilege of standing before you 
today”, “in addition, innumerable other 
workers in the field of electrocardiography have 
gained great merit ... investigators of the whole 
world have worked together ... a new chapter 
has been opened in the study of heart diseases, 
not by the work of a single investigator, but by 
that of many talented men ..." 





Did Einthoven invent a string galvanometer? 


Einthoven's "invention", the instrument that he 
bequeathed to us, endures. If one needed a high 
fidelity, high sensitivity galvanometer with nearly 
perfect square wave response over a remarkable fre- 
quency range (perhaps to celebrate a diamond jubi- 
lee of the beginnings of electrocardiography in 
American hospitals), one could confidently take an 
ancient string apparatus off the shelf and expect it to 
work superbly. 
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Transient shock and myocardial impairment caused 
by phaeochromocytoma crisis 


TRD SHAW, P RAFFERTY, GW TAIT 


From the Department of Cardiology, Western General Hospital, Edinburgh 


SUMMARY A patient admitted to hospital after injury to the abdomen was found to have transient 
hypertension which was followed by profound hypotension. ST elevation developed and exten- 
sive myocardial akinesia was seen at echocardiography, but coronary angiograms at this stage 
were normal. After treatment with intravenous fluids and dopamine he progressively recovered 
normal cardiac function. A partly necrotic catecholamine secreting tumour was later removed 
from the abdomen and it is likely that a kick to the abdomen had damaged the tumour and the 
consequent release of catecholamine had triggered a phaeochromocytoma crisis. 


Phaeochromocytomas can produce hypotension as 
well as hypertension, particularly when there has 
been a sudden release of catecholamines.! In these 
circumstances the heart may show evidence of 
myocardial impairment, so-called catecholamine 
myocarditis. We describe a patient who developed 
these features after a kick to the abdomen. 


Case report 


A 41 year old man was admitted because of abdomi- 
nal pain after an assault in which he had been kicked 
in the abdomen and chest. He had generalised 
abdominal tenderness and haematuria. The results 
of an urgent Gastrografin meal and intravenous uro- 
gram were normal, but ultrasound showed a mass 
adjacent to the head of the pancreas; this was 
interpreted as a retroperitoneal haematoma. His 
pulse was initially regular at 80 beats per minute and 
there were no abnormal cardiac signs. Blood 
pressure at admission was 190/110 mm Hg, rising at 
nine hours later to 240/160. He was given an intra- 
venous dose of hydralazine and the blood pressure 
settled at 160/100 mm Hg. The chest x ray film and 
electrocardiogram were normal. 

Forty eight hours after admission signs of low 
cardiac output developed, but the patient did not 
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have breathlessness or chest pain. The jugular 
venous pressure was not visible. His pulse was 120 
beats per minute and blood pressure was 
100/60mm Hg, falling one hour later to 
60/unrecordable, with no pulsus paradoxus. There 
was a loud gallop rhythm. The electrocardiogram 
now showed considerable ST elevation (fig 1a). A 
cross sectional echocardiogram showed akinesia of 
all areas of the left ventricle except the basal seg- 
ments. Plasma lactic dehydrogenase concentration 
reached 4644 U | (normal 72-395 U/l). After admin- 
istration of intravenous plasma protein derivative, 
saline, and dopamine his extremities became warm 
and his blood pressure rose to 150/90 mm Hg. 

On the fourth day after admission the patient 
started to vomit and his blood pressure became 
unrecordable. He was cold, clammy, and sweating 
profusely. A chest xray film showed slight pul- 
monary congestion. Dopamine infused at a higher 
rate than the previous infusion increased the blood 
pressure, which fluctuated between 180/70 and 
65/unrecordable mm Hg, while heart rate varied 
between 80 and 130 beats per minute. Considerable 
ST elevation (6mm) persisted without development 
of Q waves. To establish whether the heart showed 
evidence of traumatic damage the patient underwent 
cardiac catheterisation. Initial aortic and left ven- 
tricular pressures were 55/40 and 55/0-4 mm Hg. 
One and a half litres of plasma protein derivative and 
500 ml of saline were infused intravenously over 20 
minutes. The aortic and left ventricular pressures 
rose to 160/95 and 160/10-35 mm Hg. Right atrial 
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(a) Electrocardiograms recorded three days, six weeks, and five months after admission. (b) M mode 


echocardiogram traces from mitral, papillary muscle, and apical levels of the left ventricle recorded five months after 


admission. 


pressure was then 15/7 and pulmonary artery pres- 
sure 63/35 mm Hg. A left ventricular angiogram 
showed hyperkinesis of the basal segments and the 
remaining areas of myocardium were akinetic (fig 2). 
The aortic root and the left and right coronary arte- 
ries, including their distal branches, appeared 
entirely normal (fig 2). Two litres of plasma protein 
derivative and one litre of saline were given over- 
night and pulse and blood pressure remained stable. 
Next day the patient showed transient confusion, 


agitation, and aggression but 
modynamically stable. 

On day 6 after admission the patient was symptom 
free and had no abnormal abdominal signs. His 
pulse and blood pressure were normal. The electro 
cardiogram showed 1-2mm ST elevation in the 
chest leads with T wave inversion in V2-V6. The 
echocardiogram now showed only mild hypokinesia 
Ultrasound examination of the upper abdomen sug 
gested slight reduction in the size of the retro 
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Fig 2 





(a) Left ventricular angiogram at end diastole (30° right anterior oblique view) (b) left ventricular 


angiogram at end systole, (c) left coronary angiogram, and (d) right coronary angiogram. 


peritoneal mass. 

Over the next two weeks the patient continued to 
feel well. He was mobilised slowly because his elec- 
trocardiogram showed very deep (15mm) sym- 
metrical T wave inversion in the chest leads, but no 
arrhythmias had appeared at any stage and he 
remained normotensive. 

At outpatient review six weeks after admission he 
was in sinus rhythm at 58 beats per minute and had 
a blood pressure of 122/78mmHg. There were no 
abnormal cardiac signs. An echocardiogram showed 
normal myocardial contraction but the electro- 
cardiogram still showed deep T wave inversion 
(fig la). Ultrasound examination of the upper abdo- 
men showed persistence of the retroperitoneal mass. 
Computed tomography of the abdomen showed a 
mass that lay anteromedial to the right kidney and 
inferior to the head of the pancreas. Both adrenal 
glands appeared normal. An '?'I-metaiodobenzyl 
guanidine isotope scan did not show any uptake at 
the site of the mass. Three 24 hour urine collections, 
however, showed an increase in urinary concen- 
trations of conjugated metanephrines (5:6, 3-6, and 
7-4umol/l; reference range 0-3 umol/1). Three 24 
hour urine collections for metanephrine estimation 


had been made during the first week of admission; 
however, conjugated metanephrines could not be 
measured in these collections because substances 
that interfered with the assay were present and could 
not be removed. 

A 3cm hard circumscribed mass was removed at 
operation. During operation the blood pressure rose 
to 230/130 mm Hg; this was controlled by intra- 
venous labetolol. Transient agitation and aggression 
occurred two days after operation. The cut surface 
of the tumour was yellow with a necrotic centre and 
in formalin it turned dark brown. Light microscopy 
showed extensive central necrosis with peripheral 
areas of viable chromaffin cells. Electron microscopy 
confirmed the presence of membrane-bound 
secretory granules. 

After operation the patient was physically well but 
he still had intermittent psychiatric symptoms. 
Urinary metanephrine concentration returned to 
normal. Five months after admission the T wave 
inversion of the electrocardiogram had disappeared 
(fig la). An echocardiogram confirmed a return to 
normal left ventricular contraction in all segments 
(fig 1b). 


Shock and myocardial impairment with phaeochromocytoma 


Discussion 


This patient had a phaeochromocytoma crisis with a 
short hypertensive phase and a longer hypotensive 
phase. It may seem paradoxical that a low blood 
pressure can complicate a phaeochromocytoma but 
orthostatic hypotension is often seen in phaeo- 
chromocytoma patients who have hypertension 
when supine. Severe hypotension can be precip- 
itated by induction of anaesthesia or by operation. 
Blood volume is reduced in these cases and this is 
thought to be the result of a high sympathetic tone? 
or a state of autonomic dysfunction simulating 
ganglionic block.) A decrease in adrenocortical 
hormone has also been suggested as a factor.* With- 
drawal of high catecholamine concentrations by 
removal of a phaeochromocytoma can also induce a 
severe hypotension which is associated with low 
intracardiac filling pressures.! Maintaining an ade- 
quate blood volume is therefore important in the 
perioperative management of phaeochromocytomas. 
Patients may also present in a hypotensive crisis.’ 
Hypotension is an ominous sign when phae- 
ochromocytoma is present. Van Vliet et al found that 
eight of 11 deaths followed a period of hypotension.® 
In our patient severe hypotension developed 48 
hours after admission. It responded to large doses of 
intravenous fluids and dopamine. 

The hypotension with phaeochromocytoma may 
be aggravated by myocardial impairment caused by 
high circulating catecholamine concentrations. The 
ability of adrenal extracts to create myocardial dam- 
age has been studied since the beginning of the cen- 
tury.” Van Vliet etal examined the myocardial 
structure in 26 necropsy cases with phae- 
ochromocytoma.® Fifteen showed evidence of 
“active catecholamine myocarditis”, the histological 
features of which were (a) focal degeneration and 
necrosis of myocardial fibres, (b) foci of 
inflammatory cells, (c) a diffuse oedema, and (d) an 
increase in fibrous tissue. Oedematous thickening of 
the small and medium sized arteries with partial 
fibrous replacement of the smooth muscle of the 
media was seen in a few of these cases. Most (24/26) 
Showed left ventricular hypertrophy. Similar 
findings have been found in animals given nor- 
adrenaline or adrenaline and in patients receiving 
catecholamine treatment." The clinical features of 
these abnormalities take various forms. In stable 
patients, cardiomegaly, electrocardiographic evi- 
dence of left ventricular hypertrophy, and T wave 
inversion are common.?? Atrial and ventricular 
arrhythmias may occur. Phaeochromocytomas occa- 
sionally can be present in patients with normal blood 
pressure but with features of a chronic congestive 
cardiomyopathy that improves with removal of the 
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tumour.5?!9 More dramatically, the patient may 
present with electrocardiographic evidence of ST 
elevation and deep symmetrical T wave inversion 
that resembles myocardial infarction.® 9 ? 11715 The 
myocardium can subsequently return to normal!? 
but aneurysm formation (with normal coronary arte- 
ries) has also been reported.!5 In our patient exten- 
sive left ventricular akinesia was shown by echo- 
cardiography and angiography for over 24 hours but 
normal contraction subsequently returned. The 
metabolic basis for such prolonged but temporary 
myocardial impairment is unclear. No coronary 
artery spasm was seen at this stage although ST seg- 
ment elevation was present. 

This patient's management was also complicated 
by acute psychiatric abnormality. An association 


between phaeochromocytoma and abnormal 
psychological states has been reported else- 
where.!9-18 


After recovery, our patient remained nor- 
motensive but had raised 24 hour urinary concen- 
trations of metanephrine. A catecholamine secreting 
tumour with extensive necrosis was subsequently 
removed from the para-aortic area. Approximately 
10% of phaeochromocytomas lie outside the adrenal 
glands.! The mass had initially been attributed to a 
retroperitoneal haematoma caused by the kicks to 
his abdomen. In three collections of urine for meta- 
nephrine assay during his first week of admission 
there was interference by unknown substances. 
Dopamine and other drugs had been given during 
that period. Stress and drugs can affect urinary 
metanephrine results and it is possible that 
necrosis of the tumour had released precursors 
and metabolites of catecholamines. An 
131]_metaiodobenzylguanidine scan has been useful 
for localising phaeochromocytomas but was negative 
in this case.!? 

External pressure, even from bending, can cause 
release of catecholamines from phaeochromo- 
cytoma! and severe necrosis or haemorrhage within 
a phaeochromocytoma has been shown to produce 
shock.?°~ 2? We believe that a kick to this patient's 
abdomen caused tumour necrosis and a massive 
release of catecholamines which led to his initial 
hypertension and the subsequent hypotension and 
myocardial impairment. 


We thank Dr D B Horn and Dr J N Webb for their 
help. 
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Pulmonary regurgitation in transposition of the 


great arteries 


SHAKEEL AHMED QURESHI,* JOSEA ETTEDGUI, OWENDH JONES 
From the Department of Paediatric Cardiology, Guy's Hospital, London 


SUMMARY A female infant who presented with cyanosis and tachypnoea was found to have 
transposition of the great arteries, a ductus arteriosus, and a ventricular septal defect. An aor- 
togram showed evidence of mild pulmonary regurgitation, which persisted after a Senning’s 
operation; this is a hitherto unrecognised clinical finding. 


Pulmonary regurgitation is not a recognised preop- 
erative finding in transposition of the great arteries 
and it may not be of any importance when the 
definitive surgery entails venous redirection. When 
an arterial switch operation is contemplated, 
however, pulmonary regurgitation may become an 
important consideration because the pulmonary 
valve then functions as the aortic valve and its com- 
petence may be important in long term outcome. 

This report shows that pulmonary valve regurgi- 
tation may be present in some patients from early 
infancy. This may influence the type of operation 
that is performed. 


Case report 


A female infant presented at the age of five weeks 
with increasing cyanosis and tachypnoea. There was 
a grade 2/6 pansystolic murmur at the lower left 
sternal edge and a continuous murmur at the second 
left intercostal space. The liver edge was palpable 
2 cm below the right costal margin. The electrocar- 
diogram showed sinus rhythm, right axis deviation, 
and right ventricular hypertrophy. The chest radio- 
graph showed moderate cardiomegaly, pulmonary 
plethora, and a narrow vascular pedicle. The cross 
sectional echocardiogram was consistent with trans- 
position of the great arteries with a ventricular septal 
defect. 


*Present address: Dr Shakeel A Qureshi, Department of Paediatric 
Cardiology, Royal Lrverpool Children's Hospital, Myrtle Street, 
Liverpool. 
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CARDIAC CATHETERISATION 

Table 1 shows data on haemodynamic function. 
Angiocardiography confirmed complete transposi- 
tion of the great arteries, ventricular septal defect, 
and ductus arteriosus. An aortogram showed filling 
of the pulmonary artery via the ductus arteriosus. 
There was definite but mild pulmonary regurgita- 
tion. There was considerable clinical improvement 
after a balloon atrial septostomy. 

When the patient was eight months old a Senning 
procedure was performed, the ventricular septal 
defect was closed with a Dacron patch, and the duc- 
tus was ligated. 

Postoperatively she had a persistent grade 3/6 
systolic murmur at the left sternal edge with residual 
cardiomegaly and pulmonary plethora on the chest 
radiograph. A first-pass radionuclide angiogram 
suggested a left to right shunt of 2-2:1 


REPEAT CARDIAC CATHETERISATION 

Table 2 shows data on haemodynamic function. 
Angiocardiography (left ventricle and aorta) showed 
no residual ventricular septal defect but there was a 








Table 1 Data on haemodynannc function before operation 
Site Pressure (mm Hg) Saturation (%) 
SVC — 28 
IVC red 43 
MRA Mean 3 37 
RV Systolic 90 — 
End diastolic 9 = 
Aorta 90/40 (mean 60) 57 
LA Mean 6 96 
LV Systolic 90 87 


ee 
SVC, superior vena cava; IVC, inferior vena cava; MRA, mid night 
atrium, RV, right ventricle, LA, left atrium; LV, left ventricle 
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Table 2 Data on haemodynamic function after operation 








Site Pressure (mm Hg) Saturation (96) 
SVC Mean 8 49 
IVC Mean 7 55 
SVA Mean 7 58 
LV Systohc 45 58 
End diastolic 7 
PA 45/25 (mean 32) 88 
PVA Mean 10 98 
RV Systolic 80 98 
End diastolic 10 
Aorta 75/35 (mean 50) 98 
See table 1 for abbreviations. 
SVA, systemic venous atrium, PA, pulmonary artery; PVA, 


pulmonary venous atrium. 


moderate sized ductus arteriosus through which an 
enlarged pulmonary artery became opacified. There 
was still some evidence of mild pulmonary regurgita- 
tion. 

The ductus of 5 mm diameter was ligated through 
a left lateral thoracotomy and the child made a satis- 
factory recovery and is now symptom free. 


Discussion 


This patient initially had pulmonary regurgitation in 
the presence of severe pulmonary hypertension. 
Pulmonary regurgitation persisted after the Senning 
operation although pulmonary artery and left ven- 
tricular systolic pressures were greatly reduced. 
Because there was no discernible change in its sever- 
ity, it is probable that the pulmonary regurgitation 
was caused by abnormal pulmonary valve structure. 
The abnormality must be a subtle one because 
neither the echocardiographic nor the angiographic 
appearances of the pulmonary valve were abnormal. 
Doppler ultrasonography was unhelpful in this case 
because the narrowness of the left ventricular 
outflow prevented correct positioning of the Doppler 
sample volume. 

In the setting of venous redirection pulmonary 
regurgitation is of unknown but probably little 
haemodynamic importance. When an arterial switch 
is contemplated such incompetence of the valve, 
which is destined to support the systemic arterial 
pressures, may have a profound effect on the long 
term outcome. ` 

Regurgitation of the aortic (previously pulmo- 
nary) valve has been reported in up to 20% of survi- 
vors after the arterial switch.! ? Castaneda etal 
reported trivial aortic regurgitation in 9% of the 
patients after a primary arterial switch in the neo- 
natal period.* In another smaller series Quinones 
et al found trivial aortic regurgitation after operation 
in one out of nine patients who had undergone a 
primary arterial switch compared with four out of 
four patients who had had previous pulmonary 
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artery banding.” This suggests that dilatation of the 
pulmonary artery proximal to the band is a possible 
explanation for the aortic regurgitation. Thus it 
appears that aortic regurgitation occurs less fre- 
quently after primary arterial switch in the neonatal 
period than after a two-stage switch. Nevertheless, it 
is still found in the neonatal group and this raises the 
possibility that it may have been present before op- 
eration. This finding is present despite the fact that 
the pulmonary valve in transposition of the great 
arteries has the gross appearance of a normal aortic 
valve with normal attachment to the subaortic cur- 
tain and the fibrous skeleton of the heart.? In patients 
undergoing more than one reinvestigation after 
operation, progression of aortic regurgitation has not 
been noted.? 5? 

'The cause of the aortic regurgitation has been 
ascribed to the operative technique. The circumfe- 
rential anastomosis close to the commissures has 
been incriminated together with, or as an alternative, 
the technique of coronary orifice reimplantation.® 
'This implies that aortic regurgitation after the 
arterial switch is in theory preventable, but this case 
casts doubt on the possibility of prevention. 

It is pertinent to ask whether pulmonary regurgi- 
tation can be diagnosed in transposition of the great 
arteries. In our case diagnosis by angiography was 
possible only because the pulmonary artery was 
opacified retrogradely via the ductus arteriosus. In 
the absence of,a ductus pulmonary regurgitation 
cannot be demonstrated angiographically. The value 
of Doppler ultrasonography in this setting has not 
yet been defined. In some patients pulmonary 
regurgitation is difficult to assess because of the 
narrowness of the left ventricular outflow tract. 
Examination by additional colour Doppler, 
however, is an attractive possibility and this tech- 
nique may help to show whether, in general, pul- 
monary regurgitation in transposition of the great 
arteries is present before, produced during, or 
appears after operation. 
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A rare variant of common arterial trunk 


JEAN E RUBAY, FERGUS J MACARTNEY, ROBERT H ANDERSON* 
From the Thoracic Unit, The Hospital for Sick Children, London and *Department of Paediatrics, 


Cardiothoracic Institute, Brompton Hospital, London 


SUMMARY A 13 day old baby was admitted to hospital with multiple abnormalities, increasing 
cyanosis, and cardiac failure. Cardiac catheterisation was performed on the day of admission and 
he died shortly after the procedure. A rare variant of common arterial trunk, in which the pul- 
monary arteries arose directly from the underside of the aortic arch, was found at necropsy. 


A common arterial trunk is defined as that condition 
in which a single arterial trunk leaves the heart 
through a single arterial valve and supplies the aorta, 
one or both pulmonary arteries, and the coronary 
arteries.! We have recently seen a case, unique to the 
best of our knowledge, in which the pulmonary arte- 
ries arose directly from the underside of the aortic 
arch. This variant is not accounted for in the classic 
categorisation of Collett and Edwards.? 


Case report 


CLINICAL FINDINGS 

A 2-8 kg male baby was admitted to the intensive 
care unit at the age of 13 days because of increasing 
cyanosis and cardiac failure. The mother had been in 
contact with a rubella case at five months’ gestation. 
After caesarean delivery the baby's Apgar scores 
were 7 and 9 at one and five minutes respectively. 
Multiple anomalies were noted, including a cleft lip, 
a short neck with webbing, a low posterior hairline, 
low set ears, and a very small penis. A systolic mur- 
mur was heard on examination of the cardiovascular 
system. He became cyanosed at the age of three days 
and went into cardiac failure during the first week. 
He was then transferred for more detailed cardiac 
investigations. Examination disclosed a cyanosed 
baby with an increased respiratory rate of 90 per 
minute, and a pulse rate of 150 beats/minute, femo- 
ral pulses that were variable in intensity, and an 
active heart with a loud ejection click with a grade 
(4/6) ejection systolic murmur best heard at the left 
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sternal border. The second heart sound was single 
and the blood pressure was 80/50 mm Hg. The liver 
was palpable 3 cm below the costal margin. 

Chest radiography showed mild cardiomegaly 
with increased pulmonary vascular markings. Car- 
diac catheterisation showed a large left to right shunt 
at the atrial level and a considerable increase in 
both ventricular end diastolic pressures. Angio- 
cardiography revealed a common arterial trunk with 
ventricular septal defect and markedly impaired 
ventricular function. The pulmonary arteries were 
noted to originate from the underside of the aortic 
arch (fig 1a). The baby remained in a poor condition 
and after angiocardiography a severe progressive 
bradycardia developed. All attempts at resuscitation 
were unsuccessful. 

At necropsy the heart showed the usual atrial 
arrangement (situs solitus). The right atrium 
received the inferior systemic return. The right 
superior caval vein was absent, the superior venous 
drainage returning through a left superior caval vein 
that drained through the coronary sinus. There was 
a secundum atrial septal defect. The four pulmonary 
veins were connected to the left atrium. A solitary 
trunk arose exclusively from the right ventricle (fig 
2). There was a ventricular septal defect in a sub- 
arterial position with fibrous continuity between the 
arterial valve and both atrioventricular valves. The 
left atrium and left ventricle were small, but were 
connected by a normally positioned mitral valve. 
The solitary arterial trunk gave rise to both coronary 
arteries and, from its superior aspect, to the innom- 
inate, the left common carotid, and the left sub- 
clavian arteries. Both pulmonary arteries originated 
directly from the underside of the aortic arch (fig. 
1b). No other sources of pulmonary blood supply 
were present. 
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Fig 1 (a) Photograph of the aortic arch at necropsy. Note 
that the pulmonary arteries originate from the underside of 
the aorta opposite a point between the left carotid and 
subclavian arteries. BCAs, brachiocephalic arteries. 

(b) Lateral projection of a selective left ventriculogram. 


Discussion 


The present case does not fit easily into conventional 
categorisations of common aortopulmonary trunk 
(truncus arteriosus communis). Though some 
would hold that a common arterial trunk can exist 
with two arterial valves,? we prefer to define this 
entity as a solitary arterial trunk guarded by a com- 
mon arterial valve and directly supplying the coro- 
nary arteries, at least one pulmonary artery, and the 
systemic arteries.' Almost always the common trunk 
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Fig2 Internal view of the ascending aorta and arch. Note 
the common origin of the pulmonary arteries 


in this condition overrides the ventricular septum 

The first unusual feature of this case was the ori 
gin of the trunk entirely from the right ventricle 
This rare variant has been well described.' * The 
second distinctive feature was the site of origin of the 
pulmonary arteries. This feature was the basis of 
Collett and Edwards's well known classification 
According to these workers, in types | to III the 
pulmonary arteries arise from the ascending trunk, 
exhibiting a short common segment in type I, adja 
cent but separate origins in type II, and lateralised 
origins in type III. Their type IV is best described 
as a solitary arterial trunk, since in the absence of 
central pulmonary arteries (the intrapulmonary 
arteries being supplied by major collaterals) it is 
impossible to say whether the trunk is a common 
trunk or an aorta." 

The present case fits none of these categories 
There are confluent central pulmonary arteries, but 
they arise from the arch between the left carotid and 
left subclavian arteries. They did not arise via an 
arterial duct, a persistent fifth aortic arch, nor from 
systemic/pulmonary collateral arteries. One might, 
with tongue in cheek, describe this case as “type II! 
and a half", but in our view a better description 
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would be “common arterial trunk with both pul- 
monary arteries originating from the arch of the 
aorta". We will not speculate upon’ the 
embryogenesis of this malformation. The case is to 
the best of our knowledge unique. 


Dr Jean E Rubay was a visiting fellow from the 
Department of Cardiac Surgery, UCL, Cliniques 
Universitaires Saint-Luc, Brussels, Belgium. FJM 
is supported by the Vandervell Foundation; RHA 
by the Joseph Levy Foundation, and both are 
supported by the British Heart Foundation. 
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-- Atrial fibrillation precipitated by tyramine 


From the Grimsby District General Hospital, Grimsby, South Humberside 


SUMMARY Episodes of atrial fibrillation that occurred after meals developed in a 60 year old man 
with a history of ischaemic heart disease. The attacks: were precipitated by precursors and 
metabolites of tyramine and tyramine containing foods and drinks, in the absence of monoamine 
oxidase inhibitors. The patient has remained free of atrial fibrillation for the past twelve months 


on a diet that does not contain tyramine. 


Case report 


In 1980, at the age of 56 years, our patient was admit- 
ted to the hospital with central chest pain radiating 
to the left arm and in fast atrial fibrillation. Electro- 
cardiography showed Q waves and ST segment 
elevation in the anterior chest leads V1—V5, and the 
plasma activity of the cardiac enzymes was increased, 
confirming the diagnosis of àcute anterior myo- 
cardial infarction with atrial fibrillation. A few hours 
later acute left ventricular failure developed. He was 
treated with digoxin, diuretics, and anticoagulants. 
He quickly improved and recovered and sinus 
rhythm returned. He was transferred from the coro- 
nary care unit to the medical ward where he con- 
valesced for 10 days and made a good recovery. 
Investigations—that 18 full blood count, urea and 
electrolyte concentration, liver function and thyroid 
function tests—were normal He was discharged 
home in sinus rhythm on the above drugs. 

He had a history of migraine in his twenties, which 
had been successfully treated by his general prac- 
titioner. There was no history of palpitation or heart 
disease nor of any psychiatric illness. He was married 
with three children and was a non-smoker. He drank 
two pints of beer a night and was not on any drugs. 
His father had died of'heart diseasc at the age of 
seventy but there was no other relevant family his- 
tory. 

Two months later when he was reviewed in the 
outpatient clinic his condition was good, he was in 
sinus rhythm, and he was not in heart failure. He was 
maintained on digoxin and the other drugs were 
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stopped. He was subsequently reviewed throughout 
1981 at the clinic and his condition remained stable; 


-he was eventually discharged back to the care of his 


general practitioner. 

In February 1983 he was referred to the hospital 
after he developed attacks of palpitation and dys- 
pnoea, and clinical examination disclosed atrial 
fibrillation and left ventricular failure, which were 
confirmed by electrocardiogram and chest x ray 
respectively. The dose of digoxin was increased to 
250 ug/day and diuretics were started. He improved 
and was subsequently reviewed in the clinic and 
found to be in a stable condition and in sinus rhythm 
with a heart rate of 64 beats/min; the attacks of pal- 
pitation had become less frequent. 

In May 1983 during one of his clinic reviews he 
mentioned for the first time that some of the attacks 
of palpitation occurred after meals. When he was 
questioned more closely about foods he suspected he 
identified cheese, chocolate, red wine, and bananas. 
Later after he had been asked to note his food more 
closely, he mentioned that broad beans and some 
tinned food with preservatives had also precipitated 
palpitation. Urinary concentrations of catecho- 
lamines and 5-hydroxyindolacetic acid were normal, 
however. 

There was clearly some connection between the 
foods he mentioned and the palpitation which was 
not prevented by digoxin. A change to amiodarone 
improved control but did not abolish palpitation. He 
was advised to avoid foods containing tyramine, 
phenylalanine, and tyrosine. Two 24 hour Holter 
recordings obtained while he was on this diet showed 
sinus rhythm and no episodes of atrial fibrillation. 
Atrial fibrillation occurred when he was challenged 
with tyramine containing foods during 24 hour Hol- 
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ter recording; this coincided with the occurrence of 
palpitation. Palpitation occurred about one hour 
after the challenge, despite continuing amiodarone 
treatment, and resolved when sinus rhythm returned 
three to four hours after meals. 

Urine collected during the test contained normal 
concentrations of catecholamines. A tyramine pro- 
vocative test was planned, but a right sided transient 
ischaemic attack developed after a bout of palpitation 
brought on by his eating home baked bread made 
with dried yeast. This episode was considered to be 
embolic and he was started on anticoagulants. He 
later declined the provocation test. 

Repeated outpatient reviews in 1985 showed that 
he remained in regular sinus rhythm without any 
attacks of palpitation. He was on amiodarone 200 mg 
per day and warfarin according to the British Com- 
parative Ratio. 

After he had been in sinus rhythm for more than 
six months he agreed to be challenged. Holter 
recording for 24 hours again disclosed a period of 
atrial fibrillation that coincided with reports of pal- 
pitation in the patient's symptoms diary and 
occurred after consumption of the specially prepared 
high tyramine test diet. Sinus rhythm returned 
within a few hours. 

For the past 12 months he has taken a diet free of 
tyramine, its precursors, and metabolites, and has 
not had palpitation. He was last reviewed in the out- 
patient clinic in March 1986 when he was in sinus 
rhythm and in good health. 


Discussion 


Foods and drinks such as cheese, dried yeast, red 
wine (Chianti) yoghurt, pineapple, bananas, ice 
cream, and chocolate are known to produce hyper- 
tensive crises in patients on monoamine oxidase 
inhibitors. Phenylalanine, tyramine, serotinin, tyro- 
sine, and noradrenaline are the vasoactive amines 
most commonly found in these foods.! Phenyl- 
alanine is metabolised to tyrosine, which is decar- 
boxylated to tyramine and also to dopa, dopamine, 
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and noradrenaline. 'Tyramine increased nor- 
adrenaline in the coronary sinus blood in patients 
with ischaemic heart disease.) The increase in the 
heart rate-blood pressure product was not, however, 
found to be significant. Cardiac arrhythmias, such as 
sinus tachycardia, atrial ectopic impulses, ventricu- 
lar ectopic impulses, and Wenckebach's phenom- 
enon were induced in patients with pharma- 
cologically untreated anxiety and depression when 
they were challenged with tyramine infusion* but to 
our knowledge atrial fibrillation has not been 
reported. 

Although in our patient acute myocardial 
infarction was complicated initially by atrial 
fibillation, sinus rhythm returned while he was in 
hospital after the infarction and continued after dis- 
charge. Palpitation developed after consumption of 
tyramine containing foods and he was not on anti- 
depressant drugs such as monoamine oxidase 
inhibitors. On two separate occasions tyramine chal- 
lenge produced atrial fibrillation that was confirmed 
on 24 hour Holter recordings. We think that 
tyramine cantaining foods can precipitate cardiac 
arrhythmias, such as atrial fibrillation, in some 
patients with ischaemic heart disease. 


We thank Miss A Priestley for the specialised 
dietetic advice. 
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Reversibility of primary pulmonary hypertension 
during six years of treatment with oral diazoxide 


N S CHAN, J McLAY, ACF KENMURE 


From the Department of Cardiology, Aberdeen Royal Infirmary, Aberdeen 


SUMMARY A 32 year old woman presented with a syncopal attack and dyspnoea on exertion. A 
diagnosis of primary pulmonary hypertension was confirmed by clinical examination, cardiac 
catheterisation, and pulmonary angiography. Her symptoms resolved completely with oral diaz- 
oxide and the pulmonary arterial pressure was reduced to normal levels over a period of six years. 
When diazoxide was discontinued on two separate occasions pulmonary hypertension recurred. 
This demonstrated the continued presence of the underlying stimulus for vasoconstriction. 


The prognosis in primary pulmonary hypertension 
is grave; the five year survival rate is <25%.! 
Although spontaneous remission has been reported, 
it is rare. ° Though various agents including acetyl- 
choline,* nifedipine,? tolazoline,® isoprenaline,’ 
verapamil,® hydralazine,’ and diazoxide! have been 
shown to lower pulmonary artery pressure when 
given by direct intra-pulmonary artery injection or 
sublingually, the results of long term oral treatment 
have been disappointing, with success being 
achieved in only a few patients. 

We describe a patient with primary pulmonary 
hypertension in whom treatment with oral diazoxide 
caused a sustained reduction of pulmonary artery 
pressure accompanied by relief of symptoms. When 
treatment was discontinued on two separate occa- 
sions pulmonary hypertension recurred and the 
patient’s symptoms returned. We hope that con- 
tinued treatment with diazoxide will improve prog- 
nosis in this patient. 


Case report 


A 32 year old woman was admitted to Aberdeen 
Royal Infirmary in August 1979 after a syncopal epi- 
sode. She had been in good health until 18 months 
before wheh she began to experience exertional dys- 
pnoea and increasing fatigue. She also reported 
several episodes of central chest pain on exertion 
that were relieved by rest. At admission she was not 
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taking oral contraceptive drugs and had never taken 
anorectic agents. She had had two uncomplicated 
pregnancies and her medical and family histories 
were unremarkable. 

Physical examination showed that she was dys- 
pnoeic at rest with moderate peripheral cyanosis. 
The jugular venous pressure was elevated at 7cm 
with giant “a” waves. There was a prominent left 
parasternal heave with a palpable second sound at 
the pulmonary area. Auscultation revealed a wide 
physiological splitting of the second sound with a 
loud pulmonary component. Examination of the 
chest was normal. 

Electrocardiography showed sinus rhythm with 
right axis deviation and a dominant R wave in lead 
V1 consistent with right ventricular hypertrophy. A 
radiograph of the chest demonstrated dilatation of 
the pulmonary trunk and main pulmonary arteries. 
An M mode echogram of the pulmonary valve 
showed loss of the “a” dip and conspicuous mid- 
systolic notching. There was also dilatation and 
hypertrophy of the right ventricle. Right heart cath- 
eterisation confirmed the presence of pulmonary 
hypertension with a pulmonary artery pressure of 
90/40 mm Hg (mean pressure 66 mm Hg). 

Pulmonary capillary wedge pressure was 7 
mm Hg. Oxygen saturation studies showed no evi- 
dence of cardiac shunt. A pulmonary angiogram 
showed that the pulmonary trunk and main pul- 
monary arteries were considerably enlarged but that 
the peripheral vessels narrowed very rapidly. There 
was no evidence to suggest thromboembolic disease. 
Serological tests for antinuclear factor and lupus 
erythematosus cells were negative. 
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Figure Changes over 6% years in mean pulmonary arterial 
pressure (MPA) during diazoxide treatment and when 
treatment was withdrawn. 


TREATMENT AND PROGRESS 

In view of favourable reports of the use of diazoxide 
in primary pulmonary hypertension,!? the patient 
was treated with a dose of 150mg daily which was 
gradually increased to 600 mg daily. At this dosage, 
however, postprandial nausea, facial oedema, and 
severe postural hypotension developed; the dose was 
reduced to 350mg daily which gave a plasma con- 
centration of 75 ug/ml (325 pmol/l). 

She was discharged from hospital and was 
reviewed a month later. Although the findings on 
physical examination were ubchanged, she reported 
improvement in her exercise tolerance, and her 
fatigue and chest pain had resolved completely. She 
had had no further syncope. 

The electrocardiogram continued to show evi- 
dence of right ventricular hypertrophy but the total 
voltage of the R wave in V1 and the S wave in V6 was 
less than before. 

Treatment was continued and in October 1980 
she was admitted for repeat cardiac catheterisation. 
Her pulmonary artery pressure was now 27/14 
mm Hg (mean 20 mm Hg). In view of this dramatic 
reduction in pulmonary artery pressure we initially 
thought that this must be a rare example of sponta- 
neous regression and we gradually decreased the 
dose of diazoxide and stopped the drug completely 
in July 1981. Subsequent follow up, including serial 
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measurements of pulmonary artery pressure, 
showed a gradual rise in pressure (figure) and this 
was accompanied by the return of her symptoms. 
Oral diazoxide (150 mg/day) was started again in 
July 1983 and again she responded favourably. Her 
pulmonary artery pressure remained within normal 
limits while she was on treatment and she was able to 
lead a normal active life with no major side effects. 

In October 1985 a further attempt was made to 
withdraw treatment and diazoxide was discon- 
tinued. Repeat cardiac catheterisation in February 
1986 again showed a further rise in pulmonary 
artery pressure (figure) and this was accompanied by 
a return of exertional dyspnoea. Treatment was 
started again at a dose of 150 mg a day and her symp- 
toms disappeared. 


Discussion 


Diazoxide is a thiazide derivative which has a potent 
vasodilator effect on both the pulmonary and sys- 
temic arterial systems, but it is not a diuretic. The 
drug is thought to cause direct vasodilatation of the 
small pulmonary resistance vessels, reducing right 
ventricular afterload and thereby allowing a rise in 
cardiac output with corresponding relief of symp- 
toms in primary pulmonary hypertension. 
Unfortunately a proportionately greater decrease in 
systemic vascular resistance may occur at the same 
time and this may be responsible for some of the 
reported dangers, including sudden death, of the use 
of vasodilators in this condition.!! !? In our patient 
symptomatic postural hypotension developed when 
she was taking a high dose (600 mg/day), of diaz- 
oxide, but this disappeared when the dose was 
reduced to 350 mg a day. Initially she experienced 
nausea, fluid retention, and hirsutism; these ceased 
when the dose was reduced to 150 mg/day. Diabetes 
mellitus did not develop at any time. 

Paul Wood first suggested that the initial event in 
primary pulmonary hypertension is sustained pul- 
monary arterial vasoconstriction of unknown cause 
that eventually results in the development of fixed 
obliterative vascular disease. This view has 
been further supported by Wagenvoort and 
Wagenvcort!^ and Edwards and Edwards.! Such 
irreversible anatomical changes have been held to be 
responsible for the failure of vasodilator treatment 
but it has been postulated that such treatment might 
be effective if it were used before these permanent 
changes occur. The findings in our case support this 
concept and demonstrate that in some patients at 
least the vasoconstriction remains potentially revers- 
ible with long term treatment. This case also shows, 
however, that the stimulus to the development of 
pulmonary hypertension, whatever it may be, per- 
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Diazoxide in pulmonary hypertension 
sists on withdrawal of treatment even after several 
years. 

Spontaneous regression of the disease is rare.” > 
Two cases have been reported; these patients were 
found to have had primary hypertension at the ages 
of 11 and 12 years. This had regressed by the time 
they reached early adult life; but most series show 
relentless progress of the condition! with most 
patients dying within five years of diagnosis. Long 
term oral treatment with vasodilators or other drugs, 
such as anticoagulants, has usually been disap- 
pointing except in a very small proportion of 
patients with primary pulmonary hypertension. A 
recent report demonstrated sustained improvement 
in primary pulmonary hypertension in a patient who 
was treated with sublingual isoproterenol for six 
years.!* A sustained beneficial response to diazoxide 
was reported elsewhere,!? !? 18 but the maintenance 
of the efficacy of the drug over a six year period has 
not been shown before and raises the hope that early 
treatment may be effective in some cases. The 
patient might have responded beneficially to other 
agents with fewer side effects. Since her pulmonary 
hypertension was controlled with diazoxide at a dose 
less than that which caused side effects, however, we 
felt justified in continuing treatment with this drug. 
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Radiation in cardiology 


Sir, 
Since the publication of our editorial in the British 
Heart Journal (1986;55:421~2) proposed regulations 
on the protection of patients from radiation have 
been circulated to interested parties by the 
Department of Health and Social Security.! These 
proposals will enshrine the 1984 European Eco- 
nomic Community directive Radiation Protection of 
Persons Undergoing Medical Examination or 
Treatment? as British law. To achieve an ALARA 
(as low as reasonably achievable) dose to the patient 
now becomes not only desirable but also a legal 
requirement. All medical workers in radiation must 
be either qualified—that is radiologists or 
radiographers—or undergo a simple course of train- 
ing in the essential elements of good radiological 
procedure as set out in a new guide to good practice. 
The regulations are expected to become law by 
the end of this year and they have implications not 


only for cardiologists in training but also for those 
who are established in the specialty. 


M J Raphael, 
National Heart Hospital, 
London. 


N E Tomlinson 

Department of Radiological Sciences, 
Guy’s Hospital Medical School, 
London. 
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Notices 


British Cardiac Society 


The Annual General Meeting for 1987 will take 
place in Dundee on 8 and 9 April 1987, and the clos- 
ing date for receipt of abstracts was 6 January 1987. 

The Autumn Meeting will be held at the 
Wembley Conference Centre, London, on 24 to 26 
November 1987, and the closing date for receipt of 
abstracts will be 10 July 1987. 


Argentine Society of Cardiology 


An International Congress “50th Anniversary of the 
Argentine Society of Cardiology" will be held in 
Buenos Aires on 11 to 16 October 1987. Further 
details from Secretaria, Azcuenaga 980/86, 1115 
Buenos Aires, Argentina. 
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Infective endocarditis 1937-1987 


IANR GRAY 
From Walsgrave Hospital, Coventry 


By 1937, infective.endocarditis had long passed the 
. milestones of pathological recognition, clinicál 
identification, and bacteriological diagnosis: It was 
in the latter stages of being a progressively de- 
bilitating, incurably fatal disease that usually 
affected young people. Many of them were admitted 
repeatedly to hospital for treatment which was 
depressingly ineffective. I remember seeing such 
patients as a student and house physician, and how 
helpless one felt in the face of this unrelenting condi- 
tion. Antibacterial treatment with sulphonamides 
was pointing the way towards eradicating infections 
of this kind but it rarely helped in endocarditis. 
When penicillin became available towards the end 
of the second world war it was in very short supply. 
Indeed, in those early days, it used to be extracted 
from the urine of treated patients so that it could be 
re-administered. The dosage used was small by to- 


day’s standards and treatment often had to be cur- 


tailed because supplies were so scarce, The carliest 
results of ‘treating infective endocarditis were disap- 
pointing,! and it was not until 1944 that Loewe et al 
reported the recovery of seven patients given 
` 200 000 units of penicillin daily with heparin.” As 
penicillin became more freely obtainable it was pos- 
sible to treat large series of patients with infective 
endocarditis, and its efficacy was fully confirmed.? 
In infective endocarditis caused by streptococci ‘of 
the ‘viridans type an adequate dosage of penicillin 
‘given for a sufficiently long time-nearly always erad- 
icated the infection. Other stréptococci, such as 
Streptococcus faecalis, were often much less sensi- 
tive; however, the discovery of the antibacterial syn- 
ergy between penicillin and streptomycin* extended 
the range of antibiotic treatment, Later on, other de- 
- rivatives of penicillin were synthesised which had 
properties that were useful in the treatment of infec- 
tive endocarditis. Ampicillin and more particularly, 
amoxycillin are much better absorbed than benzyl 
penicillin or the phehoxypedicillins when given by 


Requests for reprints to Dr Ian R Gray, Walagrave Hospital, 
Clifford Bridge Road, Walsgrave, Coventry CV2 2DX. 


mouth and they have a wider antibacterial spectrum. 
They were to make it possible to treat many patients 
with infective endocarditis with an oral antibiotic, so 
avoiding repeated injections or prolonged intra- 
venous treatment.’ 

Some staphylococci are sensitive to penicillin and 
when such organisms caused infective endocarditis 
the disease could be treated in the same way as a 
streptococcal infection. Most strains, however, pro- 
duce penicillinase, which renders them resistant to 
penicillin. Until semisynthetic penicillins resistant 
to penicillinase, such as methicillin, were developed 
such infections could seldom be overcome. 

Isoxazole penicillins, which combine resistance to 
penicillinase "with resistance to gastric acid, made 
oral antistaphylococcal treatment possible. As the 


‘penicillins became more versatile, other antibiotics 


appeared that had comparable bactericidal proper- 
tiés. Vancomycin, clindamycin, fucidic acid, rifam- 
picin, and the aminoglycosides all have a role in the 
treatment of certain patients with infective endo- 
carditis; but none of them has displaced penicillin as 
the antibiotic of first choice. 

"The advent of penicillin and the antibiotic revolu- 
tion which followed made it possible to eradicate the 
infection in nearly all cases of infective endocarditis, 
provided the diagnosis was made and treatment ini- 
tiated sufficiently early. This unquestionably was 
the most dramatic change in infective endocarditis 
in the past 50 years. Deaths from infective endo- 
carditis in England and Wales fell from 1200 per 
annum in the 1950s, when the disease was invariably 
fatal, to about 300 in 1950. In the 1980s there are 
still between 200 and 300 deaths each year (Registrar 
General's Statistics, personal communication). If 
one assumes a case mortality of 20 per cent there 
must still be an annual incidence of more than 1000 
(more than 20 cases per million population). The 
incidence of infective endocarditis is about the same 
as it was in pre-antibiotic times. 

. The disease itself has changed in several ways. 
One outstanding difference is in the age of patients 
in whom infective endocarditis occurs. In the 1930s 
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nearly two thirds of them were less than 40 years old. 
The age of patients has risen steadily so that infec- 
tive endocarditis is now a disease of the middle aged 
and elderly." The main reason for this is the decline 
in rheumatic fever—nowadays few young people 
have rheumatic valve lesions, which are vulnerable 
to infection. The routine closure of patent ductus 
has also subtracted a considerable number of young 
people from those at risk. Improved standards of 
dental hygiene in children may well have lessened 
the risk of infection from this source. At the same 
time, the longer survival of an earlier generation of 
those with rheumatic heart disease, some of whom 
have undergone valve replacement, provides an 
aging population that 1s susceptible to infection. 

Whereas there are fewer infections of “rheu- 
matic" mitral valves in young people, we now recog- 
nise that mitral valve prolapse 1s an important 
predisposing condition; and in older subjects degen- 
erative changes in the mitral and aortic valves often 
seem to be important sites of infection. We have also 
come to realise that in many patients with infective 
endocarditis an affected valve was previously nor- 
mal. A large and increasing number of patients have 
undergone valve replacement. Prosthetic valves 
have proved to be more vulnerable to infective endo- 
carditis than the natural valves they replace. When 
prosthetic valve endocarditis occurs shortly after the 
operation it is usually a staphylococcal infection and 
mortality rates are high. An infection which occurs 
more than two months after operation (late pros- 
thetic valve endocarditis) tends to be caused by the 
same organisms that infect natural valves. Such 
1nfection can usually be controlled, but there is the 
risk, peculiar to mechanical valves, of the prosthesis 
becoming obstructed and immobilised by vegeta- 
tions. Cardiac surgery is not the only intervention 
that can be responsible for extraneous infection of a 
heart valve. Infection may follow haemodialysis for 
renal failure; it can happen after pacemaker im- 
plantation and in patients on prolonged intravenous 
medication. Infective endocarditis also affects drug 
addicts who use contaminated needles and syringes 
for intravenous injections.? 

Despite the various kinds of extraneous infection 
which have appeared in recent years, and which tend 
to be staphylococcal, there has been surprisingly 
little change in the spectrum of bacteria that cause 
infective endocarditis. Streptococci, mainly of the 
viridans type, continue to be responsible for be- 
tween 60 and 70 per cent of infections, with staphy- 
lococci causing 20 to 30 per cent. Staphylococcus 
epidermidis has emerged as an important cause of in- 
fective endocarditis, particularly in prosthetic valve 
infections; Coxiella burneti: endocarditis is now well 
recognised, and fungal infection, usually with Can- 
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dida, is a rare but serious problem. 

The first intimation that surgery might have a part 
to play in the treatment of infective endocarditis was 
in 1940 when Touroff and Vessell reported the re- 
covery of a patient with infective endocarditis after 
ligation of an infected ductus.!? The major indi- 
cations for surgery could not be realised, however, 
until valve replacement became possible. Before an- 
tibiotics were available most patients with infective 
endocarditis died of uncontrolled infection. A re- 
view of deaths from infective endocarditis in the 
1950s revealed that by then cardiac failure had be- 
come the principal cause of death.!! Cardiac failure 
1n infective endocarditis is often caused by damage 
to valve structures by the infective process. There 
can be perforation of a valve cusp, detachment of an 
aortic cusp from the wall of the aorta, or rupture of 
chordae of the mitral valve. These lead to acute valve 
regurgitation which can cause a devastating volume 
overload of a small non-compliant recipient cham- 
ber with the rapid onset of severe left heart failure. 

When valve replacement began to be widely prac- 
tised in the early 1960s, acute valve rupture in infec- 
tive endocarditis was perceived to be an important 
indication. Because of the dangers of carrying out 
major cardiac surgery in an infected field, valve re- 
placement was at first postponed until antibiotic 
treatment had been completed. It soon became ap- 
parent, however, that the benefits of correcting the 
acute valve lesion outweighed such potential dan- 
gers, and valve replacement was increasingly carried 
out before the infection was fully controlled.!? The 
improvement that often followed the operation was 
more dramatic and immediate than was usually the 
case in valve replacement for longstanding mitral or 
aortic regurgitation, and after 20 years it can still be 
seen in retrospect to have been a lifesaving inter- 
vention. With the success of valve replacement in 
patients with acute valve regurgitation even while 
infection was still active, it was a short step to valve 
replacement for the treatment of antibiotic resistant 
infections, covering the procedure with the best 
available antimicrobial regimen. Valve replacement 
1s also necessary when prosthetic valve endocarditis 
causes obstruction of a mechanical prosthesis and in 
some patients who have had a major systemic em- 
bolus; it is even considered in patients with evidence 
of extensive vegetations. 

Echocardiography is useful in infective endo- 
carditis. M. mode echocardiography, and, more 
particularly, cross sectional echocardiography pro- 
vide a means of identifying larger vegetations on the 
heart valves, and also can demonstrate, without 
recourse to invasive forms of investigation, serious 
valve damage requiring surgical treatment. Echo- 
cardiography has its limitations: failure to demon- 
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strate vegetations does not exclude the diagnosis of 
infective endocarditis, and the presence of vegeta- 
tions does not necessarily imply that the disease is 
still active. It can sometimes be difficult to dis- 
tinguish vegetations from a thickened or calcified 
valve, and prosthetic valves are very difficult to in- 
vestigate. The technique, however, plays an im- 
portant part in assessing vegetations, in following 
the progress of the disease, and in assessing the need 
for surgical intervention. 

At the same time as antibiotic treatment of infec- 
tive endocardius became possible, antibiotic pro- 
phylaxis covering dental and other interventions 
became widely recommended—recommended but 
not necessarily practised. The facts that the inci- 
dence of infective endocarditis has hardly changed 
and that unprotected dental procedures and poor 
dental hygiene are still responsible for many cases of 
infective endocarditis speak for themselves.!? The 
introduction of adequate oral rather than intra- 
muscular antibiotic cover should increase the pro- 
portion of protected dental procedures,!* but 
unfortunately in many of those in whom infective 
endocarditis develops heart disease is not recognised 
before the procedure, and prophylaxis cannot be 
considered. It 1s possible, too, that in such a com- 
mon condition as mitral valve prolapse, the risk of 
infection may be outweighed by the risk of penicillin 
prophylaxis. When adequate antibiotic prophylaxis 
is given infective endocarditis rarely occurs. There 
are still many unanswered questions as to who re- 
quires antibiotic prophylaxis and in what circum- 
stances, and we still do not know the portal of entry 
of infection in most cases of infective endocarditis. 

The continuing mortality from infective endo- 
carditis remains both a challenge and a reproach.!? 
It 1s a challenge because we now have the means of 
treating effectively the microbial infections re- 
sponsible for most cases and of correcting the de- 
structive effects of infection on the heart valves. 
Despite this, antibiotic treatment is sometimes inad- 
equate or inappropriate, and the need for surgical 
intervention is often unrecognised. It is a reproach 
because many.cases of infective endocarditis are still 
only recognised at necropsy, and in many others the 
diagnosis is made only after weeks of illness. Delay 
1n diagnosis means that a patient is at risk of major 
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systemic embolism, cardiac failure, or renal damage 
for longer than need be. To fail to make the 
diagnosis of infective endocarditis in its early stages 
in 1937 was unfortunate: in 1987 it could be a 
disaster. 
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Fish and coronary artery disease 


T AB SANDERS 


From the Department of Food and Nutritional Sciences, King's College London, University of London 


Does fish consumption protect against coronary 
heart disease? If so what are the mechanisms for 
such protection and how much fish (and of what 
types) would need to be consumed? 

Atherosclerosis is apparently rare among Eskimos 
on a tradititional diet of seal, caribou, and fish but 
not among those on a western diet.! Necropsy data 
showed that atherosclerosis was less severe in Cana- 
dian Eskimos? than in white Canadians. From an 
analysis of hospital records Kromann and Green 
concluded that acute myocardial infarction was 
extremely rare amongst Eskimos from the West 
Coast of Greenland who still eat large amounts of 
seafood.? The reliability of the mortality statistics 
for Eskimos may be questioned owing to a high 
mortality rate from accidents (for example through 
falling 1nto holes in the ice) and a low necropsy 
rate. Cardiovascular mortality rates in Japanese 
fishermen, however, are reported to be lower than in 
Japanese farmers.* Fish based diets provide more 
protein, less saturated fat, and a different type of 
polyunsaturated fat than the average western diet. 

Sinclair subsisted for three months on food 
derived entirely from marine animals, notably seal.* 
'This resulted in considerable changes in haemostatic 
variables and serum lipids, especially in the fatty 
acid composition of the cholesterol esters and phos- 
pholipids. The most pronounced change was the 
replacement of polyunsaturated fatty acids of the w6 
series, notably linoleic and its derivative, arach- 
idonic acid, by those of the w3 series, notably eicosa- 
pentaenoic acid (20:5 w3) and docosahexaenoic acid 
(22:6 w3). The latter are the major polyunsaturates 
in marine animals whereas linoleic acid (18: w6) and 
q linolenic acid (18:3 w3) are the major ones in plant 
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food. Eicosapentaenoic acid and docosahexaenoic 
acid can influence the metabolism of lipoproteins 
and eicosanoids (prostaglandins, thromboxanes, 
prostacyclins, and leukotrienes) in a way that might 
afford protection from coronary artery disease. 


Dietary values 


Before discussing the various studies that have 
investigated the effects of fish or fish oil con- 
sumption, it is necessary to relate these studies to the 
amounts of eicosapentaenoic acid and docosa- 
hexaenoic acid provided by these foodstuffs. The fat 
content of fish varies seasonally, geographically, and 
by species" and ıs dependent on the marine food 
chain. White fish (cod, coley, plaice, haddock) con- 
tain about 1% fat by weight and oily fish (trout, 
salmon, mackerel, herring, pilchard, and sardine) 
contain 5-25% fat, depending upon when they are 
caught. In oily fish between 10% and 15% of the 
dietary energy is saturated fat compared with 1-2% 
in white fish. On an isocaloric basis oily fish provide 
about two to three times as much eicosapentaenoic 
acid.and docosahexaenoic acid as white fish; 100g 
of oily fish provides about 200 kcal (837 kJ), 1g of 
eicosapentaenoic acid and 0-5-2g of docosa- 
hexaenoic acid depending upon species; 100g of 
white fish provides 96 kcal (402 kJ), 0-2 g eicosapent- 
aenoic acid, and 0 3g docosahexaenoic acid. A fish 
oil concentrate called MaxEPA (Seven Seas Health 
Care) has been used in some studies; 10g provides 
1-8g eicosapentaenoic acid, 1:2g docosahexaenoic 
acid, and 60 mg cholesterol. 


Influence of the Eskimo diet on plasma lipo- 
proteins d 


Greenland Eskimos have moderately low concen- 
trations of low densıty lipoprotein (LDL) choles- 
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terol, very low concentrations of low density 
lipoprotein (VLDL) triglycerides, and high concen- 
trations of high density lipoprotein (HDL) choles- 
terol compared with Eskimos living on a. western 
diet. . The consumption of an Eskimo diet,? 
mackerel? (200g/day) but not salmon,!° or fish 
oil supplements (20g/day)!!!? slightly increased 
HDL cholesterol concentfations. Similar : intakes 
considerably reduced triglyceride: concentrations 
in both normal? !!. and ‘hypertriglyceridaemic 
subjects!?-!5 by reducing the synthesis of both 
triglyceride!$!6 and apoprotein B(apoB)!? in 
VLDL. In vitro studies have shown that eicosapent- 
aenoic acid and docosahexaenoic acid are reversible 
inhibitors of hepatic triglyceride synthesis.!? 

Total plasma cholesterol concentrations are 
reduced by fish consumption but most of the reduc- 
tion occurs'in the VLDL fraction. Very high intakes 
of fish oil (90-120 g/day) do lower the concentration 
of both LDL cholesterol and LDL apoB by 
decreasing the rate of LDL synthesis.!? Such high 
intakes also prevent the rise in plasma cholesterol 
obtained with dietary cholesterol.!? At lower intakes 
(15 g/day), however, there is a tendency for LDL 
cholesterol and LDL apoB concentration?? to rise, 
particularly in patients with type V  hyper- 
lipoproteinaemia.'* A likely explanation is that a 
moderate intake of fish oil decreases hepatic triglyc- 
eride synthesis so that smaller. than normal VLDL 
particles are secreted. These small particles are 
known?! to be more readily converted to LDL than 
the larger triglyceride rich ones. Thus on the one 
hand the -reduction in VLDL synthesis by fish 
diets probably reduces the risk of atherosclerosis, 
whereas,on the other the increase in LDL may be 
deleterious. 
Antithrombotic and anti-inflammatory 
effects $ 
Evidence is emerging that suggests that protection 
against atherosclerosis may be afforded by a mech- 
anism that overrides the influence of plasma lipo- 
proteins: For example, intimal Hyperplasia of vein 
grafts in hypercholesterolaemic dogs was inhibited 
by feeding fish oil.?? A recent study showed that the 
development of coronary atherosclerosis in hyper- 
lipidaemic. pigs could be prevented by supple- 
menting their diet with cod-liver oil.?? It was argued 
that protection was afforded by changes in eicosa- 
noid metabolism. It has. also been argued that 
dietary eicosapentaenoic acid and docosahexaenoic 
acid decrease the risk of arterial thrombosis -and 
mitigate damage to ‘the -myocardium by reducing 
local infiammation and by maintaining collateral 


circulation.” O i 
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Cyclo-oxygenase metabolites of arachidonic acid 
(20:4w6), which have opposing effects in different 
locations, are believed to regulate platelet behaviour 
at the site of injury: thromboxane A, produced by 
platelets causes platelet aggregation and vaso- 
constriction; prostacycline PGI, produced by the 
vascular endothelium counteracts the effects of 
thromboxane A,. Coronary atherosclerosis 
decreases the capacity of the endothelium to produce 
prostacyclin so that the balance between throm- 
boxane and prostacyclin 1s altered in a direction that 
increases the risk of coronary thrombosis.2? This 
view is supported by the observation that aspirin, 
which inhibits cyclo-oxygenase, halves the risk of 
myocardial infarction in patients with unstable 
angina.? Arachidonic acid is also converted to other 
important metabolites by platelets and neutrophils 
via the lipoxygenase pathway, which 1s not inhibited 
by aspirin. These metabolites, particularly leukot- 
riene B,, are strongly chemotactic for leucocytes and 
may be responsible for the massive leucocyte 
migration into the myocardium that occurs in the 
vicinity of an experimental coronary occlusion. The 
ability of eicosapentaenoic acid to partially inhibit 
both ¢yclo-oxygenase and lipoxygenase pathways 
may explain why the infarct volume in dogs in which 
myocardial infarction was experimentally induced 
was lower in those treated with fish oil than in 
controls.?4 

Dietary eicosapentaenoic acid and doc- 
osahexaenoic acid displace arachidonic acid from 
membrane phospholipids.!! ?? They also decrease 
the conversion of linoleic acid to arachidonic acid.?? 
This incorporation of eicosapentaenoic acid into the 
erythrocyte membrane is accompanied by a reduc- 
tion in whole blood viscosity and an increase in 
erythrocyte deformability??—phenomena which are 
unrelated to eicosanoid production. In subjects 
given large amounts of fish or fish oil (usually in 
excess of 15 g/day), however, the capacity to produce 
thromboxane A,°°~ 3? and leukotriene B,?? is also 
reduced, but the urinary excretion of prostacyclin 
PGI, metabolites is not decreased??? except in 
patients with atherosclerosis.?? Dietary eicosapent- 
aenoic acid and docosahexaenoic acid decrease the 
formation of eicosanoids derived from arachidonic 
acid, probably by displacing arachidonic acid from 
precursor pools and by acting as competitive 
inhibitions of cyclo-oxgenase?? and lipoxygenase.?$ 

, Eskimos are liable to profuse nosebleeds and have 
extended template bleeding times; low platelet 
counts are also common.® Reductions in platelet 
counts are occasionally seen with very high intakes 


_of marine oil? or fish oil?" However, the regular 


consumption of oily fish (200 g/day) or fish oil sup- 


.plements (20 g/day) prolongs template bleeding time 
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after about three weeks of treatment without 
affecting the platelet count!! !?37 or the activity of 
clotting factors. Although there are similarities 
between the effects of consumption of oily fish and 
those obtained with aspirin, the reductions of 
thromboxane A, production and platelet aggre- 
gation are modest compared with those brought 
about by small doses of aspirin. Furthermore, 
because aspirin potentiates the prolongation of 
bleeding time brought about by fish feeding?" it 
seems likely that a different mechanism is 
responsible especially as the urinary excretion of 
total prostaglandin metabolites 1s not significantly 
lower in Eskimos than in Danes.?? 

Eicosanoids can be formed from eicosapentaenoic 
acid but they tend to be less active than those 
derived from arachidonic acid. For example, throm- 
boxane A4?? ^? and leukotriene B,?? are less active 
but prostacyclin PGI, 1s as active.?? *? Throm- 
boxane B,,°?*! PGI,,7??*4? and leukotriene B,*? 
have been detected after consumption of massive 
amounts of fish (400-800 g mackerel/day) or large 
amounts of fish oil (20-50g/day). These obser- 
vations support the hypothesis** that eicosapentae- 
noic acid modulates the production of active 
eicosanoids. 


Potential hazards of high fish consumption 


Fish is a good source of selenium but 1s a poor source 
of vitamin E. Myocardial fibrosis occurred in 
domesticated animals fed on oily fish and in infants 
fed rancid cod-liver oil.*5 This was caused by lipid 
peroxides. Precautions, therefore, need to be taken 
to guard against the formation of lipid peroxides, 
particularly ın fish oil supplements, and to ensure an 
adequate intake of vitamin E. Mackerel, herring, 
and salmon gadoleic (20:1011) and cetoleic 
(22:1 011) acids caused a transient myocardial lip- 
idosis when fed to experimental animals in large 
amounts.*® There is no evidence that eating these 
fish causes lipidosis in man, however. The salt con- 
tent of many preserved fish (pickled herrings, kip- 
pers) ıs high, and this may have an undesirable 
effect on blood pressure. Pickled fish also contains 
high concentrations of tyramine and histamine and 
so should be avoided by patients treated with mono- 
amine oxidase inhibitors. Excessive intakes of hista- 
mine in spoilt oily fish are believed to be the cause of 
scomboid toxicity.?^ Fish are very susceptible to 
industrial pollution and are occasionally affected by 
naturally occurring toxins derived from the marine 
food chain. 


Conclusion 


It is necessary to eat large amounts of oily fish 
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(> 200 g/day) or smaller amounts of fish oil (about 
10g MaxEPA/day) to affect plasma lipid concen- 
trations and eicosanoid production. Generally, 
larger amounts of fish oil are needed to alter eicosa- 
noid production than to lower plasma triglycerides. 
Consumption of a linolenic acid, which is found in 
vegetable oils, 48 *? does not have the same effects as 
dietary eicosapentaenoic acid and docosahexaenoic 
acid.°° A high intake of eicosapentaenoic acid and 
docosahexaenoic acid seems a plausible explanation 
for the low incidence of coronary artery disease 
among the Eskimos. Their extreme dietary practices 
are interesting because they shed light on the mech- 
anisms leading to coronary artery disease; but it does 
not follow that such diets should be advocated for 
the general population. 

Fish oil supplements have yet to be shown of 
value in the treatment of hypercholesterolaemia but 
they can be used to treat hypertriglyceridaemia. 
Multivariate analysis of several epidemiological 
studies suggests that plasma triglyceride concen- 
trations is not an independent risk factor for coro- 
nary artery disease. None the less, there are several 
triglyceride bearing lipoprotein  particles— 
chylomicrons, VLDL, and intermediate density 
lipoproteins (IDL)— and elevated plasma triglyc- 
erides may -epresent an increase in any one of these 
particles. A raised concentration of plasma triglyc- 
eride caused by raised chylomicron concentration is 
not associated with an increased risk of athero- 
sclerosis, whereas raised concentrations of plasma 
triglyceride associated with raised VLDL and IDL 
concentrations are, even when LDL concentrations 
are low. Several recent angiographic studies showed 
that high concentrations of plasma triglyceride 
associated with raised VLDL and IDL were 
predictive of coronary atherosclerosis. In addition, 
there is evidence that VLDLs are toxic to the 
vascular endothelium.?! Hypertriglyceridaemia is 
often accompanied by reduced concentrations of 
HDL cholesterol and a tendency to hyper- 
coagulability. Since amelioration of hypertriglyc- 
eridaemia can both raise HDL cholesterol and 
reduce the level of certain clotting factors it is a 
potentially beneficial endeavour. This line of rea- 
soning must, however, be tempered by the knowl- 
edge that moderate doses of fish oil not only reduce 
VLDL triglycerides but may also increase LDL 
concentrations at the same time. The overall assess- 
ment of risk will depend upon the size of the 
respective changes. Large quantities of fish oil seem 
free from this disadvantage but have the drawback of 
being too unpalatable for long term consumption. 

There are reasons from believing that fish oil 
might be of benefit to patients with ‘thrombogenic 
disorders, but the necessary clinical trials have yet to 
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be carried out. Fish oil does prolong bleeding time 
and the precise mechanism for this effect remains 
uncertain. It may well involve altered vascular reac- 
tivity rather than altered platelet behaviour, 
especially as a recent study showed that fish oil sup- 
plementation lowered blood pressure.?? It should be 
borne in mind that fish oil may well potentiate the 
action of some drugs such as aspirin and f) blockers. 

Formerly, fish was an important part of the Brit- 
ish diet. It had the advantage of being available 
throughout the year. For religious reasons, it was 
eaten on Fridays and other fish days and almost daily 
during Lent. Lord Trenchard in his review of con- 
sumption patterns concluded that the decrease in 
fish consumption is one of the major changes in the 
British diet this century.°? Cod-liver oil supple- 
ments were also widely used up until the 1950s. Fish 
contains several nutrients and foreign compounds 
that are scarce in other foods. For example, rela- 
tively small quantities of fish in the diet can con- 
tribute greatly to the total intake of retinol, vitamin 
D, taurine, and selenium. Consequently, fish might 
be providing some other yet to be identified protec- 
tive factor. Selenium is a possible candidate, 
especially as selenium supplements prolong tem- 
plate bleeding time** and low serum selenium con- 
centrations are associated with increased risk of 
coronary heart disease.** 

Kromhout et al recently claimed that eating fish 
once or twice weekly might reduce the risk of coro- 
nary heart disease. In this prospective study a 
reduction in risk was found with an average daily 
intake of 30g fish (two thirds white fish, one third 
oily), an amount that would provide far less eicosa- 
pentaenoic acid and docosahexaenoic acid than the 
minimum shown to influence either plasma lipid 
concentrations or eicosanoid production. This effect 
was independent of other known risk factors such as 
smoking, blood pressure, and plasma cholesterol 
concentration. The protective influence of fish con- 
sumption has been confirmed in one study in the 
United States?? but not in studies in Hawai*® or 
Norway? where fish was consumed more fre- 
quently. In most cases the habitual diet of the sub- 
jects was assessed by a single 24 hour dietary recall. 
The assumption that one single dietary mea- 
surement is representative of an individual's diet 
over the next twenty years is dubious especially as 
food consumption patterns are continually chang- 
ing. The association between modest fish con- 
sumption and protection from coronary heart 
disease requires further confirmation and must be 
assessed in the light of total mortality statistics. It is 
also necessary to consider which foods were replaced 
by fish. 

Despite these uncertainties ıt makes good sense to 
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encourage people to eat more fish, but not fried or 
salted, in place of foods with a high content of satur- 
ated fat (such as cheese, meat products, and fatty 
meats). Such a change would also be in accord with 
the current dietary guidelines for the prevention of 
coronary heart disease.®° 
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Long term angiographic follow up, cardiac events, 
and survival in patients undergoing percutaneous 
transluminal coronary angioplasty 
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From the Department of Cardiology, St Antonius Hospital, Utrecht| Nieuwegein, the Netherlands 


SUMMARY The results of percutaneous transluminal coronary angioplasty were studied in 1352 
consecutive patients. The angioplasty procedure was angiographically successful in 1163 (86%) 
patients and the success rate increased gradually with time. There were no significant differences 
in success rates in different vessels or indications. The success rate for repeat coronary angio- 
plasty was 92%. In 85% of the patients the clinical course was uncomplicated. Myocardial 
infarction occurred in 3:696, emergency coronary bypass grafting in 2:695, elective bypass 
surgery in 4-695, and there were 10 deaths (0-795). There were 16 deaths (10 non-cardiac) during 
follow up in the 1163 patients in whom the first procedure was successful. Actuarial analysis 
showed that after a first angioplasty 77-9% remained free of symptoms and cardiac events for five 
years and that after a second angioplasty 76% did so. Angiographic follow up showed restenosis 
in 24% of patients but the overall clinical success rate was 86:295. On the basis of the intention 
to treat the procedure was successful in 74:3% of all 1352 patients. Coronary artery bypass 
surgery was eventually performed in 11-6% of all patients. 

The long term angiographic success rate of coronary angioplasty is higher than previously 


suggested. 


We report the angiographic and long term clinical 
results in a large number of consecutive patients 
who were treated with percutaneous coronary angio- 


plasty. 
Patients and methods 


PATIENTS 
From April 1980 to October 1985, 1889 patients had 
coronary angioplasty at the St Antonius Hospital in 
Utrecht (which is now in Nieuwegein). We have 
included only those patients in whom follow up 
lasted at least six months—that is 1352 patients who 
had coronary angioplasty before 1 January 1985. 
Eighty per cent of the patients were men. 

All the patients had angina pectoris that 
responded poorly to medical treatment. In all 
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patients with stable angina signs of myocardial 
ischaemia were demonstrated by excercise electro- 
cardiograrhic studies or exercise scintigraphy. Sev- 
enty two per cent of the patients had angina pectoris 
of Canadian Heart Class III or IV. In 4% of the 
patients the severity of angina could not be coded 
properly because of recent thrombolytic (strep- 
tokinase) treatment. 

Coronary angioplasty was performed as an elec- 
tive procedure in 896 (66%) patients and in 355 
(26%) patients it was performed because of 
impending myocardial infarction, which was defined 
as pain at rest accompanied by electrocardiographic 
ST-T changes without signs of myocardial necrosis 
occurring less than one week before the angioplasty 
procedure. Seventy two (5%) patients had had 
streptokinase treatment because of an acute myo- 
cardial infarction more than twelve hours before 
coronary angioplasty and in 17 patients the angio- 
plasty attempt took place immediately after throm- 
bolytic treatment. In 12 patients with an acute 
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myocardial infarction the acutely occluded vessel 
Was approached with the balloon catheter without 
previous thrombolytic treatment. 

Six per cent (82 cases) of the patients had aorto- 
coronary bypass grafts and 9% (113 cases) had 
previous percutaneous transluminal coronary 
angioplasty. Nineteen per cent (259 cases) had 
suffered a myocardial infarction in the area related to 
the stenosis that was treated by angioplasty, 11% 
(143 cases) had an infarction elsewhere, and 1% (16 
cases) had suffered myocardial infarctions both in 
stenosis related and unrelated areas. 


ANGIOGRAPHIC PROFILE 

Seventy per cent of the patients had single vessel 
disease. Left ventricular function was normal in 
55% of the patients. Complete revascularisation 
(successful dilatation of all stenoses >50%) was 
thought to be possible in 78% of the patients. The 
severity of the stenosis was assessed by the means 
of multiple (angulated) angiographic views. The 
luminal diameter of the vessel at the narrowest por- 
tion of the stenosis was expressed as the percentage 
of the luminal diameter -of the adjacent (normal) 
diameter, measured from a 12 fold magnified 
projection of the cine film on which the vessel con- 
tours were outlined by hand and measured with 
mechanical callipers. i 


PROCEDURE 7 

Transluminal coronary angioplasty was performed 
via the femoral artery in 97% of the patients. After 
the first 361 patients had been treated a steerable 
balloon catheter system was used exclusively. In 
patients with multiple vessel disease the site consid- 
ered to be the primary cause of the symptoms was 
first attempted. Multiple vessel disease was defined 
as stenoses of > 5094 in more than one major epicar- 
dial vessel. 

An attempt at angioplasty was considered to be a 
success if the stenosis was reduced by >20% of the 
luminal diameter without complications that lead to 
myocardial infarction, coronary bypass operation, or 
death. ' 


MEDICATION 

After the first 100 patients all patients were routinely 

treated with anticoagulants, which ideally were 

started before angioplasty, and with heparin, dex- 
.tran, and aspirin during the procedure, and anti- 

coagulants plus either aspirin or dipyridamole for at 

least six months after the procedure. 


FOLLOW UP ANGIOGRAPHY 
Follow up angiography was performed in 62% (723) 
of cases. All patients were encouraged to have a fol- 
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low up angiographic examination six months after 
the angioplasty. Naturally the proportion of patients 
with symptoms in the angiographic follow up group 
was higher than it was in the initial group. A 
restenosis was defined as a loss of >50% of the ini- 


STATISTICAL ANALYSIS . 

The significance of differences was assessed by y? 
analysis. Event free actuarial curves were based on 
the absence of recurrence of angina pectoris, myo- 
cardial infarction, repeat angioplasty, coronary 
bypass grafting, and death. The significance of 
difference between actuarial curves were assessed by 
the log-rank or Mantel-Haenszel test. 


Results 


The angioplasty attempt was successful in 1163 
(86%) patients. The success rate was 87% 
(1281/1480) for stenoses. There was a clear increase 
in success rate with time and after the introduction 
of the steerable angioplasty system. There were no 
significant differences in success rates in different 
vessels. 

The success rates in patients with stable angina 
and with impending myocardial infarction were not 
significantly different. The success rate for a repeat 
angioplasty was 92%. The success rate in patients 
with an immediate coronary angioplasty at the time 
of an acute myocardial infarction was 92% (11/12), 
the success rate for patients with an acute myo- 
cardial infarction who had coronary angioplasty 
immediately after thrombolytic treatment was 100% 
(17/17), and the success rate in patients who had 
coronary angioplasty > 12 hours after thrombolysis 
was 87-5% (63/72). 

Table 1 shows the clinical course in all 1352 
patients. In 85% it was uncomplicated. Myocardial 
infarction occurred in 3-6%, emergency coronary 


Table 1 Chmcal course in 1352 patients 





Course No % 
Uneventful 1146 85 
MI: 
STT 20 15 
QRS 29 21 }3 6% 
Emergency CABG* 36 26 
Elecuve CABG 64 46 
Deaths 10 07 
Mainor problems 48 35 
STT, myocardial infarcuon without QRS changes; QRS, 


myocardial infarction with new Q waves on the electrocardiogram, 
CABG, coronary artery bypass grafting. 

Minor problems include Puccenstil redilatations after occlusion of 
the vessel without myocardial mfarction, ST changes without an 
increase ın serum enzyme activity, and arrhythmias 

*One patient died 
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artery bypass grafting was done in 2-6% (one of 
these 36 patients died after operation), elective 
bypass surgery was performed in 46%, and there 
were 10 deaths (0-795). Angioplasty of the proximal 
left anterior descending artery was attempted in all 
but two of the patients who died, and it appeared to 
be successful initially. Minor problems such as ST 
changes without signs of myocardial infarction or 
arrhythmias occurred in 3-5% of the patients. 


CLINICAL FOLLOW UP 

Sixteen of the 1163 patients in whom the initial 
angioplasty procedure was successful died during 
follow up. There were six proven or suspected car- 
diac deaths and 10 proven non-cardiac deaths. Coro- 
nary bypass surgery had to be performed because of 
recurrence or progression of coronary artery disease 
or both in 58 (5%) patients. A second angioplasty 
was attempted in 95 (8%) patients. 

In 13% of patients coronary angioplasty was per- 
formed in another vessel segment because of 
progression of atherosclerotic disease. Acute myo- 
cardial infarction occurred in the area related to the 
angioplasty site in six (0-596) patients and in a non- 
related area in five (0-495) patients. One patient who 
had successful angioplasty after thrombolytic treat- 
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ment eventualy underwent heart transplantation 
because of persisung severe left ventricular failure. 
Table 2 shows the late events. 

Figure 1 shows the actuarial event free curve for 
all 1163 patients in whom the first coronary angio- 
plasty procedure was successful. Angina generally 
recurred in the first six months, after this there were 
only a few cases of recurrence, and after five years 
71-994 of the patients were free of symptoms and 
events. The mean follow up was 23:8 months. 
Exclusion of patients with previous coronary artery 
surgery, in whom symptoms recurred more often, 


Table2 Late events in 1163 patients m whom a first 
coronary angioplasty procedure was successful 








Event No 26 
Total late mortality: 16 14 

Cardiac 6 05 

Non-cardiac 10 09 
ACBG 58 5 
Re-PTCA 93 8 
PTCA other segments 13 1 
AMI 6 05 
AMI (non-relazed area) 5 04 
Heart transplantauon 1 


— C" —————Á——— 
ACBG, sortocoronary bypass grafting; PTCA, percutaneous 
transluminal coronary angioplasty; AMI, acute myocardial 
infarction. 


No of patients entering interval 


1080 944 677 442 293 


*j, Event free survival (£1SE) 


0 6 2 8 24 


Fig 1 
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194 124 74 45 24 NoCABG 





36 42 
Follow up period (months) 


48 54 60 


Event free survrval (actuarial) after successful coronary angioplasty in 1163 


patients. No CABG, panents who had not previously undergone coronary bypass surgery. 
CABG, patients who had previously undergone coronary bypass surgery. Bvent free, no 
angina, myocardial infarction, death, redilatation, or bypass surgery. Broken lines 


indicate + 1SE. 


Long term follow up after percutaneous transluminal coronary cue 


produced a more level event free curve with 79-2% 
of the remaining patients being symptom free and 
having'had no myocardial infarction, repeat coro- 
nary angioplasty, or coronary bypass grafting. Only 
- 46-4% of the-patients who had' coronary bypass 
grafts were free of symptoms five years after angio- 
plasty (p « 0-001 (fig 1)). 

Patients who had coronary angioplasty because of 
stable anginà pectoris and those with impending 
myocardial infarction had similar event free curves. 
After five years 78:695 of tbe' patients with 
impending myocardial infarction at the time of suc- 
cessful coronary angioplasty are symptom free as are 
74:5% of the patients with stable angina at tlie time 
of successful.coronary angioplasty. Any symptoms 
associated with angiographic evidence of restenosis 
generally recur within six months (mean (SD) 48 
(6:8)) of- angioplasty. In the 40 patients without 
angiographic evidence of restenosis but with 


progression of the disease elsewhere symptoms. 


recurred 17-6 (14-5) months after angioplasty. 
' The recurrence of angina was not influenced 
by the presence of complete or incomplete 
revascülarisation after'coronary angioplasty. This 
may be because the study group contained many 
patients with an occlusion elsewhere that had been 
present for a long time and was no longer causing 
symptoms. 

After exclusion of patients who had had previous 
coronary artery bypass surgery, 76% of the patients 
who had a second coronary angioplasty because of a 


recurrence of the stenosis after a successful first pro- ` 


cedure.were angina free five years after the second 
procedure (mean follow up'of only 17-4'months). 
This result is not statistically different from that 
(79 2%) in the patients who were symptoms free five 
years after a first coronary angioplasty. 


'ANGIOGRAPHIC FOLLOW UP 


Angiographic follow up examination was performed ' 


in 728 (63%) of the 1163 patients in whom angio- 
plasty had been initially successful a mean of 4-5 
months before. In 98% of the symptom free patients 
who -had angiographic follow up there was no 


restenosis. Twenty five per cent of the patients who ` 


had angiographic follow up had symptoms and 75%, 
of these patients had angiographic evidence of recur- 

rence. Of the patients who had no angiographic fol- 
low up,.96% were symptom free. Restenosis was 
seen 185 times in 174 (24%) patients. Even if a 
restenosis is defined as a stenosis of >50% of the 
luminal diameter, the ‘restenosis rate remains 
approximately the same (177 times in 167 patients). 

Figure 2 shows the difference between the degree of 
stenosis immediately after and late after a successful 
dilatation. Of the 797 stenoses that were successfully 
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Fi1g2 The difference between the degree of stenosis 


immediately after and late after successful coronary 
angioplasty. When the stenosis decreased further with time 
the difference:has a minus sign. Recurrences, therefore, are on 
the right hand side of this diagram. 


dilated in these 728 patients, the main difference 
between the initial and follow up angiographic 


'appearance was a mean (1SD) decrease in lumen 


diameter of 14-1 (29-094). At repeat angiography 528 
segments (66-295) were unchanged (a change in 
diameter of 220% compared with the luminal 
diameter immediately after dilatation). These data 
suggest that the degree of stenosis at the end of the 
procedure does not predict the result at follow up 
angiography. Only two (8%) of the 25 patients who 
had two follow up angiograms had a late recurrence. 
Angiography at follow up showed progression of 
disease elsewhere in 10% of patients in whom angio- 
plasty had been successful. There were no 
differences in the restenosis rate between patients 
with stable or unstable angina at the time of angio- 
plasty. Repeat balloon dilatation was successful in 
92% of 115 restenoses. Fifty one of these patients 
had angiographic follow up. A second restenosis 


. „occurred in 17 (33%) patients. 


In 17 patients who had a successful coronary 
angioplasty immediately after thrombolytic treat- 
ment, 10 had a follow up angiogram and recurrences 
were seen in three. In 63 patients who had a success- 
ful coronary angioplasty some time after throm- 


bolytic treatment, 46 had a follow up angiogram and 


recurrences were seen in seven (15:2%). Eight of the 
11 patients with successful coronary angioplasty at 
the time of an acute myocardial infarction without 
thrombolytic treatment had a follow up angiogram 
and recurrences ‘were seen in four (50%). 


Discussion . 


Many reports indicate that balloon coronary angio- 
plasty is effective in dilating coronary artery stenoses 
and relieving the associated symptoms of angina. 
'This report suggests not only that short term but 
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also that longer term relief of angina pectoris can be 
achieved. Patients who remain symptom free for the 
first six months after successful coronary angio- 
plasty are likely to remain free of angina for the next 
five years. Only 2% of the symptom free patients 
who had repeat angiography showed evidence of 
restenosis without infarction or symptoms. 

In the patients who have important restenosis at 
the site of the coronary angioplasty, anginal com- 
plaints usually recur within six months, whereas in 
the patients without angiographic evidence of recur- 
rence but with considerable progression of the dis- 
ease elsewhere symptoms usually occur later than 
one year after coronary angioplasty. This suggests 
that if symptoms recur after six months they are 
more likely due to progressive disease elsewhere 
rather than restenosis. This accords with the angina 
free curve after successful coronary angioplasty 
(without previous coronary artery bypass grafting) 
which demonstrates a rather steep drop to 87% in 
the first six months, after which the percentage of 
angina free patients drops to 81% over the next four 
and a half years. We do not know why 86% of our 
patients without previous coronary bypass surgery 
were symptom free after one year whereas in another 
report (from the Mayo Clinics) only 74% of similar 
patients remained free of angina after one year.' The 
medical treatment after coronary angioplasty 18 not 
specified in the Mayo Clinic report and it may be 
that differences in medical treatment have 
influenced the outcome in these two studies. Also 
the choice of the balloon size, pressure gradient 
determination at the end of the procedure, and other 
technical differences may influence the results. 
Reported percentages of angiographical proven 
recurrences of stenosis vary widely (range 

. 12-47%)?-4* and depend on the definition of 
restenosis. Systematic angiographic follow up data 
are generally lacking except in the studies of 
Kaltenbach etal?’ and Jutzy etai? and the per- 
centage of patients with a follow up angiography in 
most other series varies widely. Patient selection 
must have influenced the percentage (24%) of angio- 
graphic recurrences in our series because patients 
with symptoms had repeat angiography more often 
than patients without (p « 0:001). 

On the basis of intention to treat 1005 (14-395) out 
of the original 1352 patients had a completely suc- 
cessful angioplasty. Neither the initial success rate 
nor the recurrence rates for angina pectoris, myo- 
cardial infarction, or angiographic restenoses were 
different in patients with stable or unstable angina at 
the time of coronary angioplasty. This accords with 
reports that coronary angioplasty is effective in 
patients with unstable angina that is refractory to 
medical treatment. 7 Our study was not designed to 
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investigate the role of coronary angioplasty after 
thrombolytic treatment for acute myocardial 
infarction. In our series there was a high initial 
success rate for coronary angioplasty during acute 
myocardial infarction and immediately after throm- 
bolytic treatment. It appears, however, that long 
term patency rates are higher if coronary angioplasty 
can be postponed for 12 hours or more after success- 
ful thrombolytic treatment. 

If a restenosis occurs, a second coronary angio- 
plasty can be performed effectively and safely in 
most cases. In the 115 restenoses for which a second 
coronary angioplasty was done, both the initial suc- 
cess rate (92%) and the late angiographic patency 
rate resemble those of the first coronary angioplasty. 
Forty eight months after the second dilatation 76% 
of these patients were angina free. This accords with 
the good results obtained with repeat coronary 
angioplasty in other series.? 

Coronary artery bypass surgery was eventually 
performed in 158 (11:694) patients—in 64 because of 
failure of the coronary angioplasty, in 36 (2:695) 
because of an emergency during the angioplasty 
attempt, and in 58 because of recurrence of the 
stenosis and/or progression of the disease elsewhere 
after successful coronary angioplasty. These results 
indicate that angioplasty could prevent or postpone 
coronary bypass surgery in many patients with 
angina pectoris. 


Conclusion 


Angiographically successful coronary angioplasty 
offers a better chance of long lasting relief of symp- 
toms than previously suggested. We do not know 
whether our figures were influenced more by the 
technical aspects than by medical treatment after 
angioplasty. If a restenosis occurs a second coronary 
angioplasty can be done with good initial and late 
results. 
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Coronary haemodynamic effects of short term 
intravenous administration of gallopamil in patients 
with stable exertional angina 


STEFANO DE SERVI, MAURIZIO FERRARIO, STEFANO GHIO, 
ANTONIO MUSSINI, LUIGI ANGOLI, EZIO BRAMUCCI, 
ANTONELLA BARTOLI,* ERCOLE POMA, RENATO RONDANELLI,* 
GIUSEPPE SPECCHIA 


From the Divisione di Cardiologia, *Dipartimento dı Farmacologia, Policlimco S Matteo, Istituto di Ricovero e 
Cura a Carattere Scientifico, Pavia, Italy 


SUMMARY 'The effects of short term intravenous administration of gallopamil on coronary hae- 
modynamic variables were studied in 10 patients with stable exertional angina and angio- 
graphically confirmed coronary artery disease that affected the proximal portion of the left 
anterior descending artery. Blood flow in the great cardiac vein was measured by a thermodilution 
technique, both at rest and during ischaemia induced by atrial pacing, before and after intra- 
venous administration of gallopamil (0-02 mg/kg as a bolus dose given over three minutes, fol- 
lowed by an infusion of 0-0005 mg/kg/min). Gallopamil significantly prolonged the mean (SD) 
duration of pacing that was tolerated (11 (2-6) vs 14-8 (2-4)) min, significantly increased the mean 
(SD) peak heart rate attained during pacing (142 (15) vs 158 (11) beats/min), and reduced mean 
(SD) arterial pressure (133 (17) vs 116 (17) mm Hg). There were no changes in mean (SD) blood 
flow in the great cardiac vein (134-1 (57) vs 112-9 (38) ml/min, mean (SD) anterior regional 
coronary resistance (1-18 (0-6) vs 1:15 (0-5) mm Hg/ml/min), and mean (SD) anterior regional 
myocardial oxygen consumption (16:6 (6) vs 13-7 (4) ml/min). 

These data confirm that gallopamil is an effective antianginal agent and suggest that a reduction 
of myocardial oxygen demand is the predominant mechanism by which the drug exerts its 
beneficial effects. 


The antianginal efficacy of calcium channel blocking 
agents such as verapamil,!' ? nifedipine,* and 
diltiazem" ^? is well established. The mechanism of 
the effect depends on the affinity of the agent for its 
receptor sites and the cause of ischaemia, and is 
achieved by a reduction 1n myocardial oxygen con- 
sumption by an improvement in oxygen supply or 
both 


New calcium channel blocking agents are being 
developed to improve the efficacy and safety of anti- 
anginal action. One of these new calcium antago- 
nists, gallopamil, a verapamil analogue, improved 
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exercise tolerance in patients with stable exertional 


, angina.!°-!2 There is evidence that gallopamil 


exerts its antianginal effect by improving the ratio of 
myocardial oxygen supply to oxygen demand. But 
the mechanism of this action has not been eluci- 
dated. 

We studied 10 patients with stable exertional 
angina and angiographically confirmed disease of the 
proximal portion of the left anterior descending 
coronary artery. Thermodilution measurements of 
blood flow in the great cardiac vein—that is the 
venous efflux from the territory supplied by the left 
anterior descending artery!)—were taken at rest and 
during myocardial ischaemia induced by rapid atrial 
pacing both before and after the short term intra- 
venous administration of gallopamil. The effects of 
the drug on pacing tolerance were then related to 


226 


Coronary haemodynamic effects of gallopamil 


coronary haemodynamic changes in the anterior 
region of the heart in which perfusion was jeop- 
ardised. 


Patients and methods 


PATIENTS 

We studied 10 patients (nine men and one woman, 
mean age 54 years) with stable exertional angina. 
They all had a positive exercise test, defined as the 
development of typical chest. pain associated with 
ST segment depression of > 1 mm in the precordial 
leads. Patients with angina at rest or transient ST 
segment elevation during pain were excluded. No 
patient had a history of previous anterior myocardial 
infarction or showed abnormal Q waves in the pre- 
` cordial leads. The results of physical examination 
were normal. Left ventricular angiography and 
coronary arteriography showed significant coronary _ 
disease (stenoses of the luminal diameter >50%) of | 
the proximal portion of the left anterior descending 
artery in all 10 patients. 

We studied patients within two weeks of coronary 
arteriography, without premedication, and at least 
three days after f blockers had been progressively 
tapered and withdrawn. Withdrawal phenomena, 
such as accelerated angina or other acute coronary 
events, were not seen. Nifedipine and nitrates were 
discontinued for at least 12 hours. No patient was 
taking verapamil or diltiazem. We obtained the 
informed consent of all patients before the study. , 


METHODS 

The study was performed late in the morning in 
supine fasting patients. A triple thermistor thermo- 
dilution catheter with pacing electrodes was intro- 
duced- under local anaesthesia into an antecubital 
vein and advanced to the great cardiac vein. The 
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-position of the catheter was checked frequently by 


fluoroscopy during the procedure. Once the catheter 
was in position flow in the great cardiac vein while 


` the patient was at rest was determined by a con- 


tinuous infusion of a physiological saline solution 
(56 ml/min for 30 seconds). Arterial blood pressure 
was recorded continuously by means of a Teflon 
cannula in a brachial artery. Blood samples for the 
measurement of haemoglobin oxygen saturation 


"Were obtained from an artery and the great cardiac 


vein of nine patients. The heart rate was then 
increased by coronary sinus pacing, which increased 
by 10 beats per minute until the patient experienced 
chest pain or ST segment depression > 2mm devel- 
oped in the anterior leads. Each pacing rate was 
maintained for two minutes. When the end point 
was reached, blood flow in the great cardiac vein was 


-measured for 30 seconds in all patients and samples 


of arterial and great cardiac vein blood were again 
obtained in nine patients. A 12 lead electro- 
cardiogram was recorded before and at the end of 
pacing, and leads V4, V5, and V6 were monitored 
throughout the test. After 40 minutes a bolus dose of 
gallopamil (0-02 mg/kg) was given intravenously 
over three minutes and this was followed by a con- 
tinuous infusion of 0-0005 mg/kg/min. Ten minutes 
later baseline: data were collected and atrial pacing 
was started again. When the patient experienced 
chest pain, when ST segment depression (> 2mm) 
developed, or when a heart rate of 170 beats per 
minute was reached, the coronary haemodynamic 
measurements were repeated. Venous blood samples 


` for measuring gallopamil concentrations were also 


obtained at that time. An intravenous bolus dose 
(0:5 mg) of atropine was given to two patients in 
whom failure to capture occurred after gallopamil. 


No complications were observed during the pacing" 


procedure. 


'Table 1 Climcal, haemodynamic, and angiographic data in 10 patients with stable exertional angina 
—_————— 








Stenosis of 
LVEDP ; 

Case No Sex Age > (mm Hg) EF (%) LAD Cfx RCA 

1 M 58. "23 68 90% — zm 

2 M 60 13 59 75% = 

3 M 60 16 74 "1594 90% — 

4 M 50 24 69 100% — 999 

5 M 59 16 56 99% 90% 5% 

6 M 49 7 84 -c 9% = = 

7 F 55 19 79 100% 75% — 

8 M 52 12 82 75% — — 

9 M 51 14 70 75% 75% 100% 
10 M 50 12 78 75% 99%, 99% 
Mean (SD) 54(4) 16(5) 72(9) 


OOOO ee 
LVEDP, left ventricular end diastolic pressure, EF, ejection fraction; LAD; left anterior descending coronary artery; Cfx, Shen E 
RCA, right coronary artery. n 


228 
Table2 Resting values of haemodynamic variables in 10 patients with stable exertional angina 


De Servi, Ferrario, Ghio, Mussini, Angoli, Bramucct, Bartoli, Poma, Rondanell:, Specchia 








Double 
Heart rate (bpm x mm Hg GCVF ARCR 
(beats[min) MAP (mm Hg) x 107?) (ml/min) (mm Hg|mi|min) MVo, (ml[min) 

Case No Control GP Control GP Control GP Control GP Control GP Control GP 

1 71 75 129 121 139 2 1372 588 63-4 219 19 53 53 

2 108 102 141 131 209 5 191-8 104:3 1043 135 125 131 129 

3 73 85 120 102 1248 120 7 935 89-8 128 113 97 97 

4 58 65 110 102 95:4 929 43:2 36.9 254 276 6:9 58 

5 82 76 134 117 1509 130 913 62-3 147 188 126 8 

6 60 63 104 104 1002 92 528 58 197 179 69 67 

7 113 103 129 96 206-8 1411 52.8 30 244 32 68 354 

8 72 72 108 125 113-8 1166 824 1287 131 097 10 155 

9 70 66 100 96 114-1 101 6 456 503 219 191 — — 
10 67 71 100 92 918 944 56 9 439 176 21 68 49 
Mean TI 78 117 .109 134 4 1218 68:2 668 185 189 87 8 
(SD) (19) (14) (15) (14) (43-2) (30 7) (22) (31) (0 5) (07) (3) (4) 
MAP, mean arterial pressure, GCVF, great cardiac vein flow, ARCR, anterior region coronary resistance; MVo?, myocardial oxygen consumption; 
GP, gallopamil 
There were no significant differences between control and gallopamil values. 

CALCULATIONS AND STATISTICAL ANALYSIS where ARCR = anterior regional coronary 


Great cardiac vein flow was calculated by thermo- 
dilution method by the formula: 
T-T, _ 


GCVF (ml/min) = V, x (Pat 
b 


resistance, MAP = mean arterial pressure, GCVF 
= great cardiac vein flow. 

Anterior regional myocardial oxygen con- 
sumption was derived as (arterial oxygen content 
minus great cardiac vein oxygen content) x great 
cardiac vein flow. Heart rate was calculated from the 
electrocardiogram. Plasma  gallopamil concen- 
trations were measured by high performance liquid 
chromatography. 

Statistical analysis was performed by Student's 


1) x 1:08 


where GCVF = great cardiac vein flow, V, is the 
indicator rate of injection (56 ml/min), T, is blood 
temperature, T, is the temperature of injectate, and 
T, is the temperature of the mixture of great cardiac 


vein blood and injectate; 1:08 is a constant related to 
the indicator. . 

Mean arterial pressure was measured by elec- 
tronic filtration of the pressure curve and anterior 
regional coronary resistance was calculated as 


ARCR (mm Hg/ml/min) = EUT 


paired z test. All data are expressed as mean (SD). 
Results 
HAEMODYNAMIC AND ANGIOGRAPHIC 


FINDINGS 
Four patients had disease of the proximal left ante- 


Table3 Peak pacing values of haemodynamic variables tn 10-panents with stable exertional angina - - 








Double product 
Heart rate (bpm x mm Hg ARCR 
(beats|min) MAP (mm Hg) x 1077) - GCVF (ml|[min) (mm Hg|ml|min) MVo? (ml/min) 
Case No Control GP Control GP Control GP Control GP Control GP Control GP 
1 130 140 165 137 297-7 2688 125-8 125.8 1:31 108 107 107 
2 150 160 143 133 291 288 146-3 141-1 0-97 0 94 17 167 
3 150 160 118 110 238 5 2352 149-1 135.8 0-79 081 166 163 
4 120 150 137 110 216 2205 598 452 229 2 43 93 67 
5 150 160 137 125 2745 2672 186-6 102 6 073 122 22:8 13 
6 140 170 133 96 2562 2278 1719 138-4 077 0 69 201 177 
7 160 170 125 92 2736 2278 638 807 196 114 T4 108 
8 160 160 146 142 307 2 280 236 176 3 0-62 081 26-9 207 
9 120 140 108 108 200 4 2212 735 84-6 1:47 128 — — 
10 140 160 117 108 2212 2336 128 6 98-6 091 11 14 105 
Mean 142 158 133 116 257 6 247 1341 1129 118 115 161 137 
(SD) (15)* ay a7 Q7)t (371) (26) (37) G8) (0-6) (0 5) (6) (4) 





*p < 0:001; tp < 0-005 
See footnote to table 2 for abbreviations. 
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Figl Effects of galloparml on heart rate, mean arterial 
pressure (MAP), and double product in 10 patients with 
stable exertional angina. Resting and peak pacing values are 
shown. No difference was observed at rest whereas heart rate 
increased and mean arterial pressure decreased at peak 
pacing after gallopamil had been grven. As a result the double 
product remained unchanged; however, pacing was tolerated 
for longer after gallopamul. 


rior descending artery only, three had double vessel, 
and three had triple vessel disease (table 1). The 
mean ejection fraction was 0-72 (0-09) and the mean 
left ventricular end diastolic pressure was 16(5) 
mm Hg. 


HAEMODYNAMIC AND METABOLIC EFFECTS 
OF GALLOPAMIL AT REST (TABLE 2) 

The heart rate was unchanged after administration 
of the drug (77 (19) vs 78 (14) beats/min, p = NS). 
Mean arterial pressure fell in all but one patient 
(case no 8); however, the difference did not reach 
statistical significance (117 (15) vs 109 (14) mm Hg). 
As a consequence the double product decreased 
slightly and not significantly (134(42) vs 122(31) 
beats/min x mmHg x 107%), as did anterior 
regional myocardial oxygen consumption (8:7 (3) vs 
8:0 (4) ml/min, p = NS). No significant change was 
found in blood flow in the great cardiac vein 
(68-2 (22) vs 66-8(31) ml/min) or anterior regional 
coronary resistance (1:85(0-5) vs  1-89(0-7) 
mm Hg/ml/min). 
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HAEMODYNAMIC AND METABOLIC EFFECTS 
OF GALLOPAMIL AT PEAK PACING 

(TABLE 3) 

The end points of the coronary sinus pacing were 
angina in seven patients and ST segment depression 
of >2mm without pain in the remaining three. 
After gallopamil only four patients complained of 
angina, five patients showed asymptomatic ST seg- 
ment depression of >2mm, and in one (case 6) 
pacing was stopped after the maximal pacing rate 
had been maintained for two minutes. In all but one 
patient (case 8) end points were reached at higher 
pacing rate after gallopamil (control 142(15), gal- 
lopamil 158 (11) beats/min, p < 0-001). As a result 
gallopamil increased mean pacing time from 
11-0(2-6) to 14-B(2-4) minutes (p < 0001) while 
maximal ST segment depression decreased from 1:9 
(0-5) to 1-6(0-7) mm (p = NS). 

As mean arterial pressure decreased from 133 (17) 
to 116 (17) mm Hg (p < 0-005) the peak pacing dou- 
ble product was slightly but not significantly 
reduced (fig 1). There was no significant change in 
great cardiac vein flow or in anterior regional coro- 
nary resistance (fig 2). Anterior regional myocardial 
oxygen consumption was also unchanged after gal- 
lopamil (from 16:1(6) to 13 7 (4) ml/min, p = NS). 

The mean plasma concentration of gallopamil at 
peak pacing was 41-4 (13 8) ng/ml. 


Discussion 


Gallopamil is a new calcium antagonist with the 
structure of a phenylalkilamine derivative, like vera- 
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Fig2 Effects of gallopamil on great cardiac vein flow 
(GCVF) and anterior regional coronary resistance 
(ARCR) at rest and at peak pacing. No significant change 
was seen between resting values or peak pacing values. 
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pamil. It has the same electrophys:ological proper- 
ties as verapamil, but is three to five times as potent 
on a weight for weight basis.!^ Orel gallopamil was 
as effective or more effective than propranolol in 
improving the exercise tolerance of patients with 
stable exertional angina after short term!! and after 
long term administration.!? Moreover, the drug is 
well tolerated; few adverse effects were reported 
after long term oral treatment. +° 

The mechanism by which this drug exerts its 
beneficial effects has yet to be established. After long 
term oral administration Khurmi ez al found that the 
rate-pressure product at peak exercise was higher 
than after placebo.!? Because the cegree of ST seg- 
ment depression was unchanged these workers sug- 
gested that the greater exercise capacity induced by 
gallopamil was the result of improved myocardial 
oxygen supply. By contrast, Rettiz and Sen found 
that the double product did not increase at the end of 
exercise, either after short term or after long term 
oral administration.!? Similarly. Scrutinio etal 
reported that the rate-pressure product was not 
modified at maximal workload!!; rhis suggests that 
the drug may improve exercise capacity by reducing 
oxygen demand. 

In our study short term intravenous adminis- 
tration of gallopamil improved pacing tolerance, 
confirming the antianginal activity of the drug. 
Because all patients had a proximel lesion of the left 
anterior descending artery we measured blood flow 
in the great cardiac vein, which is a reliable index of 
blood flow through that artery, !? 15 16 to assess hae- 
modynamic changes in the area of the myocardium 
in which perfusion was jeopardised. Gallopamil did 
not increase blood flow in the great cardiac vein 
either at rest or at peak atrial pacing. Thus the 
beneficial effect of the drug does not seem to be 
related to increased perfusion of .schaemic regions. 
Moreover, myocardial oxygen ccnsumption in the 
anterior region was similar at the peaks of the two 
pacing periods despite the higher heart rate that was 
achieved after gallopamil infusion. This suggests 
that the mechanism of action cf the drug was a 
reduction in myocardial metabolic demand. Because 
most of our patients had multivessel disease, how- 
ever, we cannot exclude the possibility that gal- 
lopamil increased blood flow to the non-anterior, yet 
potentially ischaemic myocardium and that such 
increase contributed to the improved performance 
induced by the drug. This possibility, however, 
seems remote, because the double product, a 
reflection of the maximal rate at which the obstruc- 
ted coronary arteries deliver oxygen, was unchanged 
at peak pacing after gallopamil. 

In conclusion, our data confirm that gallopamil is 
an effective antianginal drug that may well prove to 
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be a useful addition to current treatment of angina 
pectoris. A reduction of myocardial oxygen con- 
sumption seems to be the predominant mechanism 
by which the drug exerts its beneficial effects. 
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Sex differences in exercise induced left ventricular 
dysfunction in patients with syndrome X 


LUIGI FAVARO,t JOHN L CAPLIN, JURE J FETTICHE,* DUNCAN S DYMOND 
From the Departments of Cardiology and *Nuclear Medicine, St Bartholomew’s Hospital, London 


SUMMARY Clinical, electrocardiographic, and scintigraphic data were reviewed from 32 patients 
(18 men and 14 women) who had syndrome X (chest pain, evidence of ischaemia, and normal 
coronary arteries without coronary vasospasm). The mean (SD) resting left ventricular ejection 
fraction, determined by first pass radionuclide angiography was 62-6 (9-2)% and was >50% in all 
subjects. There was no significant difference between men and women. On exercise, left ventric- 
ular ejection fraction decreased significantly to 57-4 (13-0)%. In 17 of 32 subjects there was a fall 
in left ventricular ejection fraction of >5%, and regional wall motion abnormalities developed in 
12 subjects. T'he fall in left ventricular ejection fraction on exercise was significant in women 
(from 61-9 (8-5)% at rest to 54-0 (9-8)% on exercise) but not in men (from 63-2 (9-8)% at rest to 
60-0 (14-8)% on exercise). Exercise left ventricular ejection fraction fell by >5% in 10 (71%) of 
14 women and in seven (39%) of 18 men. Dyskinetic segments developed in eight (57%) of 14 
women and only four (2295) of men. Exercise duration in women was significantly shorter than 
in men (4-1 (1:5) vs 6:6 (2-1) minutes) and was the only one of several clinical and scintigraphic 
variables that correlated with the change in left ventricular ejection fraction on exercise. 

In this selected group of subjects with chest pain and angiographically normal coronary arte- 
ries, exercise induced left ventricular dysfunction, as shown by a fall in ejection fraction or the 
development of regional abnormalities, is a common finding. These are more likely to occur in 
women than men and are associated with a lower exercise capacity. The data suggest that the sex 
of the patient is important in the interpretation of the non-invasive evaluation of subjects sus- 
pected of having syndrome X. 


Most of the clinical manifestations of ischaemic 
hedrt disease are due to fixed or dynamic obstruction 
of epicardial coronary arteries. Coronary angio- 
graphy remains the gold standard by which nor- 
mality or abnormality of the coronary circulation is 
judged and its importance 1n clinical decision mak- 
ing and prognosis cannot be denied.! 

None the less, there is a subset of patients in 
whom there 18 evidence of ischaemia in the absence 
of abnormal coronary arteriograms or evidence of 
coronary vasospasm. This clinical group has been 
labelled as syndrome X.? These patients have func- 
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tional rather than anatomical ischaemia and are par- 
ticularly difficult to manage. They have been 
investigated by various invasive and non-invasive 
methods. 

This study assessed the frequency of exercise in- 
duced left ventricular dysfunction in a group of 
these patients and examined the differences in re- 
sponse between male and female patients. 


Patients and methods 


STUDY POPULATION 

The records of 174 patients were reviewed. They 
had been referred to the Nuclear Cardiology Labo- 
ratory in the years 1982-86 and had undergone 
(within one year) both coronary arteriography for a 
primary diagnosis of possible ischaemic heart dis- 
ease and exercise radionuclide angiography. One 
hundred and thirty five patients with obstructive co- 
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ronary artery disease (lesions of >25% luminal di- 
ameter) were excluded, which left 39 patients with 
normal coronary and left ventricular angiograms. 
Seven further patients were subsequently excluded: 
two had documented myocardial infarction; two had 
coronary ectasia; one each had aortic stenosis, hy- 
pertrophic cardiomyopathy, and mitral valve pro- 
lapse. We studied the remaining 32 patients (18 men 
and 14 women). All had either typical anginal pain 
(defined as exercise or emotion induced central 
crushing chest pain with or without radiation to the 
arms or jaw), or had atypical chest pain (defined as 
chest pain without classic anginal features but war- 
ranting invasive cardiac investigation). No patient 
had a history suggestive of variant angina and none 
had spontaneous coronary vasospasm documented 
during coronary angiography. Provocation testing 
for coronary vasospasm was not performed in our 
laboratory. 


CORONARY ANGIOGRAPHY 

Cardiac catheterisation was performed by either the 
brachial or femoral artery techniques. Multiple 
views of each coronary artery were assessed by an 
experienced observer, and subjects were selected on 
the basis of having normal or minor irregularities 
(luminal narrowing « 2594) of the coronary arteries 
only. All coronary arteriograms and left ventricular 
angiograms were reviewed and subjects with coro- 
nary ectasia, muscle bridges, coronary vasospasm, or 
mitral valve prolapse at the time of catheterisation 
were excluded. 


RADIONUCLIDE ANGIOGRAPHY AND EXERCISE 
PROTOCOL 

All antianginal medications were discontinued at 
least 72 hours before the study. First pass radio- 
nuclide angiography was performed with a multi- 
crystal gamma camera (Baird Atomic System-77) as 
previously described.? The patients were imaged in 
the upright anterior-posterior projection at rest and 
at then at peak exercise on an hydraulically braked 
bicycle ergometer (Fitron). Exercise started at a 
workload of 400 kpm/minute (66 8 W) and increased 
by 200 kpm/minute (33-4 W) every two minutes un- 
til a symptom limited peak was reached. A total of 
950 MBq (26mCi) of technetium-99m as per- 
technetate was injected for the entire study. The 
electrocardiogram (lead IY) was monitored through- 
out the test, and rest and peak exercise heart rate and 
total exercise duration were noted. 

Left ventricular ejection fraction was calculated 
from high frequency time-activity curves by a semi- 
automated method, and regional wall motion was as- 
sessed from count-based regional ejection fraction 
images. The left ventricular border was visually di- 
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vided into three equal segments—inferior, apical, 
and anterior—and a segment was deemed to be ab- 
normal if at least half of it had a regional ejection 
fraction of <50'%.* 


STATISTICAL ANALYSIS 

Results are expressed as mean (SD). Changes within 
groups were analysed by a paired t test and between 
groups by an unpaired £ test, or y? tests as appropri- 
ate. Correlation coefficients (r) were derived on a mi- 
crocomputer with a standard software program. A p 
value of «0-05 was regarded as significant. 


Results 


CLINICAL AND ANATOMICAL DATA 

Table 1 shows the data for the entire group and for 
men and women separately. There were no 
significant differences between men and women in 
age, the distribution of typical angina or atypical 
chest pain, abnormalities on resting or exercise elec- 
trocardiography, or the numbers of subjects with 
minor coronary irregularities. 

The main indication for coronary angiography 
was typical angina in 14 patients (eight men and six 
women) and atypical chest pain in 18 patients (10 
men and eight women). Resting electrocardiography 


Table 1 Climzal and investigation data in patients with 
syndrome X 








Data Total Men Women 
Number 32 18 14 

Mean (SD) age (years) 48 2 (8 8) 46 5 (9 4) 505(79) 
"Typical angina (95) 44 44 

Atypical chest pain (95) 56 56 57 
Abnormal rest ECG (95) 19 11 29 
Abnormal exercise ECG (95) 41 39 43 
Minor coronary lesions (25) 13 17 7 





ECG, electrocardiogram 


Table2 Results (mean (SD)) of the radionuchde rest and 
exercise studies in patients with syndrome X 








Variable Total Men Women 
Rest HR (beats/min) 785 728 85-7 
(17 1) (12 7) (19 6)* 
Exercise HR (beats/min) 1590 1551 1639 
(20 0) (18 8) (212) 
Exercise ume (min) 55 66 1 
(2 2) Q1) (1 5t 
Rest EF (94) 6 32 19 
(9 2) (9 8) (85) 
Exercise EF (95) 574 600 0 
(13 0) (14 8) (9 8) 
AEF (94) —52 -32 -78 
(10 6) (17) (8 7) 





HR, heart rate, EF, left ventricular ejection fraction, A, difference 
between rest to exercise. 
*p «005 os males; tp <0 01 vs males; tp «0 01 vs rest 
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-Table3 Number (%) of subjects in each group mth an 
abnormal left ventricular ejection fraction response to 
exercise (fall of 2: 596), an abnormal exercise left 
ventricular ejection fraction (<50%), and the development 
of wall motion abnormalities (see text for defirations ) 


i 





Variable Total Men Women 
No 32 18 .14 
Abnormal EF response 17 (53%) 7 (3994) 10 n 
Abnormal exercise EF 12 (37%) 5 (27%) 7 (50% 
Wall motion abnormality 12 (37%) 4 (22%) 8 (57%) 


Sce tables 1 and 2 for abbreviations 


was abnormal in six patients: two had inferolateral 
ST-T segment changes, one had intermittent left 
bundle branch block, and three had incomplete right 
bundle branch block. Twenty patients (11 men and 
nine women) had treadmill exercise electro- 
cardiographic tests; 13 (seven men and six women) 
were abnormal, with the development of > 1 mm of 
horizontal or downsloping ST segment depression 
0-08s after the J point. Four patients (three men) had 
minor coronary irregularities. 3 


REST AND EXERCISE RADIONUCLIDE DATA 

Table 2 shows the results derived from the radio- 
nuclide studies at rest and during exercise for all the 
patients, and for the groups of men and women. All 
patients had normal resting left ventricular ejection 
fraction (> 50%) and all had normal resting regional 
left ventricular function. On exercise, left ventricu- 
lar ejection fraction fell significantly (p « 0-01) for 
the whole group; and this was almost entirely due to 
the fall in women (p « 0-01). Women also had a 
higher resting heart rate than men (p < 0-05) anda 
lower total exercise duration (p « 0-01). 

Table 3 shows the frequency of abnormal left ven- 
tricular ejection fraction responses (falls of >5% 
below the resting value), the number of patients with 
an exercise left ventricular ejection fraction below 


Table4 Chmcal and radionuclide data arranged according 
to the response of left ventricular ejection fraction to exercise 


i MM 


Response of left ventricular ejection 
fraction to exercise 





Normal Abnormal 
(fall 5%) 

"EL Se ee E 
No 15 17 
Mean (SD) age (years 43 8(8 9) 52 4 (6 6)t 
Typical angina [95]* 47 7 [41] 
Atypical chest pain [%]* 8 [53 10 [59] 
Minor coronary lesion [96]* 3 [20] 1 [6] 


Mean (SD) exercise ume (min) 6 3 (2 4) 49(19) 

Mean (SD) rest BF (95) 63 9 (10 4) 615(81) 
—— À———————— 
*Percentage of cach group. 


tp « 001 v: normal response 
See table 2 for other abbreviations 
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Table5 Chmcal and radionuclide data 1n patients with 
symptoms of typical angina or with atypical chest pam 








Chest pain 
Variable Typical Atypical 
No 14 18 
Men [%] 8 [57] 10 [56] 
Age (years) 47 0 (8 3) 49 2 (9 4) 
Exercise ume (min) 57(20) 54(54) 
Rest EF (95) 64 4 (10 2) 613(83) 
Exercise EF (95) 60 2 (14 4) 55 2(11 8) 
AEF (%) —41(8 1) —61(124) 


See tables 2 and 4 for abbreviations. 


the normal range for our laboratory (<50%), and 
the frequency of regional dysfunction on exercise. 
Seventeen 753%) of the group had an abnormal 
global response (71% of women and 39% of men). 
Half the women but only 27% of the men had an 
abnormal exercise left ventricular ejection fraction. 
Regional wall motion abnormalities developed in 12 
of the 17 patients with an abnormal global response. 
A total of 27 segments became abnormal in eight 
(57%) women and four (22%) men. 

Of five clinical and radionuclide variables (age, 
resting and exercise heart rate, exercise duration, 
and resting ejection fraction) examined for evidence 
of univariate correlation with the response of the 
ejection fraction to exercise, only the exercise du- 
ration had any significant linear correlation (r = 
0 4052, p < 0-05); but as indicated by the low 
coefficient this was relatively weak. 

When the data were reanalysed independently of 
sex and according to the normality or abnormality of 
the response of the global ejection fraction to exer- 
cise (table 4) the only significant difference between 
the groups was that an abnormal response was com- 
moner in older subjects (p « 0-01). There were, 
however, no significant differences between the 


Table 6 Climcal and radionuchde data in the 20 
patients with either a positive or a negative exercise 
electrocardiogram. An abnormal EF response was a fall of 
>5% in eiection fraction from rest to exercise and an 
abnormal exercise EF was an absolute EF <50% 











Exercise electrocardiogram 
Variable Positive Negative 
No 13 7 
Men [%] 7 id 4 [57 
Typical angina [%] 6 [46] 2 [29 
Mean (SD) age (genre) 49 9 (7 1) 51 9(56) 
Mean (SD) rest 96) 63 5(11 0) 57 8(9 5) 
Mean (SD) exercise (96) 57 3(150) 56 0 (13 9) 
AEF (95) — 62(96) —17(60) 
Abnormal EF response [96] . 8 n 4 B3 
Abnormal exercise EF [%] 4 {31 3 [43 


Sec tables 2 and 4 for abbreviauons. 
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groups with typical or atypical chest pain (table 5). 
Of the four patients with minimal anatomical irregu- 
larities, only one had an abnormal ejection fraction 
response to exercise. 

Of the twenty subjects who had an exercise elec- 
` trocardiogram, 13 were abnormal and seven were 
normal. Table 6 shows the distribution of clinical 
and radionuclide variables in these groups. There 
were no significant differences in either clinical or 
functional variables between subjects with a normal 
or abnormal exercise electrocardiogram. 


` 


Discussion 


Syndrome X, as its name implies, remains an 
enigma. The combination of angina and evidence of 
"ischaemia"-on non-invasive or invasive testing, in 
the presence of normal or near normal coronary ar- 
teries, is one of the most difficult management prob- 
lems in adult cardiology. Many methods have been 
used to investigate its pathophysiology, often with 
conflicting results. 


Left ventricular end diastolic pressure has been | 


found to decrease? ‘and ‘angiographic left ventricular 
ejection fraction to increase after atrial pacing in the 
patients with.syndrome X but not in patients with 
fixed coronary stenoses. Some investigators have 
been unable to indüce any abnormalities of left ven- 
tricular contractility, but abnormalities in myo- 
cardial lactate production have been demonstrated 
in some patients,^ while others havé reported 
significant left- ,Ventricular dysfunction after iso- 
metric exercise. 8 Although “small vessel" coronary 
artery disease has been süggested-as the condition 
underlying syndrome X, Opherk et al have been un- 
able to demonstrate any ultrastructural changes, 
even in subjects who showed a considerable im- 
pairment of coronary vasodilator reserve in response 
to dipyridamole.* Dynamic abnormalities of the co- 
ronary microcirculation have been invoked as an’ 
explanation.? 

This study has assessed the extent of exercise ın- 
duced left ventricular dysfunction in a selected sub- 
set of patients with the clinical and investigational 
features .of syndrome X. Left ventricular dys- 
function occurred on exercise in 53% of the subjects 
and there was a significant fall in mean ejection frac- 
tion. Reanalysis according to sex showed that 
the main abnormalities in the group occurred in 
women—71% had an abnormal left ventricular res- 
ponse to exercise. Patients with abnormal responses 
to exercise were significantly older than those with 
normal responses. These data are supported by the 
study of Port et al who found impairment of the 


"normal" left ventricular response to exercise in - 


older subjects.!? Although the women were on.aver- 
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age older than the men in our study this difference 
was not statistically significant and is unlikely to be 
the explanation for the observed differences in left 
ventricular function between the sexes. 

We were unable to demonstrate any differences 
between subjects with or without typical angina, and 
this contrasts with a study by Cannon et al, who 
demonstrated significantly lower increases in coro- 
nary flow and significantly greater increases in left 
ventricular end diastolic pressure after atrial pacing 
in syndrome X patients with typical angina than in 
those with atypical pain.? 

It has,been reported that up to 40% of patients 
with syndrome X have some degree of left ventricu- 
lar dysfunction at rest,!! and a similar proportion 
have been shown to have abnormalities on 
exercise!?; however, this conflicts with some earlier 
reports where all subjects with normal coronary ar- 


. teries behaved *normally?.!? The variation in these 


results may be explained by differences in study 
population such as age, sex, and entry criteria. In a 
recent study that assessed the time course of changes 
in left ventricular function on exercise by rapid se- 
quential first pass radionuclide angiography with 
gold-195m we found an overall increase 1n ejection 
fraction on exercise in patients with normal coronary 


, arteries; however, all the subjects were male.? 


This study has shown that patients with syndrome 
X are a non-homogeneous group and that in this 
group women are more likely than men to develop 
left ventricular dysfunction on exercise. Previous 
studies have also shown that falls in left ventricular 
ejection fraction and the development of wall motion 
abnormalities are associated with a reduced exercise 
capacity in women,'* and this 1s confirmed by the 
current data. No other previous studies have 
specifically examined the differences in left ventricu- 
lar responses between men and women with normal 
coronary arteries or with syndrome X. 

'The possibility remains that the observed changes 
in left ventricular function are a result of exercise 
induced coronary artery spasm.!? None of the sub- 


“jects had variant angina and none had spasm during 


coronary arteriography. Provocation tests are not 
routinely performed in our laboratory, but in a study 
of patients with syndrome X challenged with er- 
gometrine maleate there were no significant changes 
1n luminal diameter of major coronary arteries. This 
was found in subjects with both typical and atypical 
chest pain.? These data suggest that reactivity in 


, large epicardial vessels is not altered in patients with 


syndrome X. 

A higher frequency of syndrome X in women was 
originally reported,° although subsequently the im- 
balance was less in larger studies.? The specificity of 
thallrum-201. myocardial scintigraphy is less in 
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women than in men.'® This is mainly attributed to 
attenuation in the breast tissue causing false positive 
scans, but the' current findings suggest that the 
higher frequency may be associated with true abnor- 
malities of global and regional left ventricular func- 
tion in women with normal coronary arteriograms. 
Data to support this hypothesis have recently been 
presented by Legrand et al, who found that abnor- 
malities in regional ventricular function on exercise 
in patients with syndrome X correlated with abnor- 
malities of flow in the same segment.!? Thus our 
findings may indicate a higher frequency of true per- 
fusion abnormalities in women. 

In conclusion, we found that left ventricular dys- 
function on exercise was common in patients with 
syndrome X. It is more likely to occur in women and 
in older subjects. Because there are differences in the 
left ventricular response to exercise in syndrome X 
the sex of the patient should be considered when 
non-invasive investigations for suspected coronary 
artery disease are evaluated. 
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Prediction of coronary artery disease by left 
ventricular regional wall motion abnormalities in 
patients with stenosis of the aortic valve 


ROBERT E SAFFORD, ALFRED A BOVE 
From the Division of Cardiovascular Diseases, Mayo Clinic, Rochester, Minnesota, USA 


SUMMARY To identify predictive factors for coronary artery disease in patients with stenosis of 
the aortic valve the clinical histories, haemodynamic measurements, biplane contrast left ventric- 
ulograms, and coronary angiograms of 83 consecutively catheterised patients with valvar aortic 
stenosis were examined retrospectively. The mean (SD) age was 66 4 (9-1) years and 78% were 
men. Fifty five patients had significant coronary artery disease (2509/4 diameter narrowing). 
Forty five (82%) of 55 patients with and 23 (82%) of 28 patients without coronary disease had 
angina. Heart failure occurred in a third of the patients; these patients were on average older, were 
more likely to be female, and had lower ejection fractions and cardiac outputs than patients in 
whom failure did not occur. Calculated valve area, transvalvar gradient, and left ventricular end 
diastolic pressure did not discriminate between patients with and without coronary disease. Syn- 
cope was less common than angina and heart failure and was associated with significantly lower 
valve areas and higher gradients than those found in patients without syncope. Left ventricular 
regional wall motion abnormalities were equally common in the groups with and without angina 
and predicted coronary artery disease with 94% accuracy. The absence of regional wall motion 
abnormality was an insensitive marker of normal coronary arteries as 45% of such patients had 
coronary disease. Five of the 83 patients had significant coronary disease without angina or 
regional wall motion abnormality. 

In patients with aortic stenosis angina did not predict the presence of coronary artery disease; 
therefore, it is advisable to have the results of coronary angiography before aortic valve replace- 
ment in a population such as this. T'wo of the patients with heart failure and severe aortic stenosis 
had regional wall motion abnormality with normal coronary arteries. Thus in some patients left 
ventricular failure produced by increased afterload may itself be a cause of left ventricular 
regional wall motion abnormality. 


Left ventricular function in patients with stenosis of 
the aortic valve has been a subject of considerable 
interest. Previous studies have focused on cor- 
relating the severity of aortic valve obstruction with 
the presence of symptoms, the influence of concomi- 
tant coronary artery disease on symptoms,‘ ~ ? mech- 
anisms that compensate for increased afterload,*~° 
and the relation of preoperative global left ventricu- 


Requests for reprints to Dr Robert E Safford, Division of Cardio- 
vascular Diseases, Mayo Clinic, 4500 San Pablo Road, Jacksonville, 
Florida 32224, USA. 


Accepted for publication 25 November 1986 


lar function to perioperative survival and long term 
results after aortic valve replacement.’ 

Since most patients with aortic stenosis are elderly 
they are at risk for coronary artery disease. Angina is 
a common symptom ın patients with aortic stenosis. 
Several studies have shown that the percentage of 
patients with angina at the time of aortic valve re- 
placement for aortic stenosis ranges from 40% to 
9095.12? Graboys and Cohn evaluated 19 patients 
with aortic stenosis and found that 12 of them had 
angina but only four of the 12 had coronary artery 
disease.! They felt that the absence of angina virtu- 
ally excluded coronary artery disease. Similar con- 
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clusions were reached by Storstein and Enge who 
found that 40 of 44 patients with aortic stenosis had 
angina but only 12 had coronary artery disease.® 
Liedtke et al found that in patients with aortic steno- 
sis the frequency of angina was unchanged by the 
presence of coronary artery disease.? Thus aortic 
stenosis alone was a common cause of myocardial 
ischaemia, and the presence of angina in a patient 
with aortic stenosis was not helpful in deciding 
whether the patient had concomitant coronary 
artery disease. On the otber hand, Paquay etal 
found that 18 of their 19 patients with aortic stenosis 
who did not have chest pam were free of important 
coronary artery disease and they concluded that the 
absence of angina and electrocardiographic abnor- 
malities suggesting myocardial infarction virtually 
excluded important coronary artery disease.? 

'The question whether regional wall motion ab- 
normalities of the left ventricle are always due to 
concomitant coronary artery disease or whether they 
can develop as part of left ventricular failure inde- 
pendently of coronary artery disease is unresolved. 
St John Sutton etal, who studied patients with 
hypertrophic obstructive cardiomyopathy,!? and 
Osbakken et al, who studied patients with aortic or 
mitral regurgitation,!! both found that regional wall 
motion abnormalities appeared in association with 
left ventricular failure.in patients without coronary 
artery disease. In the current study we have exam- 
ined the relation between regional wall motion ab- 
normalities of the left ventricle and coronary artery 
disease in patients with aortic stenosis. 


Patients and methods 


To assess the influence of coronary artery disease on 
regional wall motion of the left ventricle in patients 
with stenosis of the aortic valve we retrospectively 
reviewed the symptoms, haemodynamic data, bi- 
plane contrast left ventriculograms, and coronary 
cineangiograms of 83 consecutively catheterised pa- 
tients with aortic stenosis. Fifty five had coronary 
artery disease; none had other clinically significant 
valve lesions or an intracardiac shunt. All of the 
patients were catheterised between May 1981 and 
November 1982 in the same laboratory. 

Eleven other patients were excluded because of 
incomplete angiographic studies. All 11 had coro- 
nary angiography and measurement of the aortic 
transvalvar pressure gradient, but left ventricu- 
lograms were not obtained. This group had clini- 
cally obvious severe aortic stenosis, and 
catheterisation was performed to search for coronary 
artery disease. Left ventriculograms were not per- 
formed in these cases because echocardiography or 
radionuclide ventriculography had been used to 
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assess systolic function before catheterisation or 
because the angiographer considered that hae- 
modynamic decompensation was likely to occur with 
the contrast load. 

Catheterisation was performed via a right ante- 
cubital cut down and brachial arteriotomy using the 
Sones’ technique. Aortic root and left ventricular 
pressures were measured with a Lehman catheter. 
Other than measurement of pressure left ventricular 
diastolic function was not examined. In 75 of the 83 
cases the cardiac output was measured via the indi- 
cator dilution technique with injections of indo- 
cyanine green into the left ventricle and sampling 
from the left brachial artery. In the remaining eight 
cases the cardiac output was not measured, and 
hence the aortic valve area could not be calculated. 
Systemic arterial pressure was also measured con- 
tinuously via the left brachial catheter. The area of 
the aortic valve orifice was estimated in square centi- 
metres from the ratio of the calculated cardiac out- 
put in litres per minute to the square root of the peak 
to peak pressure gradient (mm Hg) between the left 
ventricle and aortic root.!? Biplane contrast left ven- 
triculograms were obtained in the 30° right anterior 
oblique and 60° left anterior oblique projections 
usually with the injection of 35-45ml of 
Renografin-76 over three seconds via a power injec- 
tor. Ventriculography was performed before coro- 
nary angiography and the ventriculograms were 
interpreted qualitatively by concensus by two ex- 
perienced angiographers before the coronary angio- 
grams were interpreted. Regional wall motion 
abnormalities were detected visually and were local- 
ised and graded by the schema for the national Coro- 
nary Artery Surgery Study.!? 

Coronary angiography was performed using mul- 
tiple views of the left coronary artery, including both 
cranial and caudal angulation, and at least one view 
of the right coronary artery. Significant coronary ar- 
tery disease was defined as at least one stenosis caus- 
ing narrowing of at least 50% of the diameter of the 
left main, left anterior descending, circumflex, or 
right coronary arteries or one of their diagonal, mar- 
ginal, posterior descending, posterolateral, or inter- 
mediate branches. The degree of stenosis was 
estimated visually in the projection showing the 
greatest stenosis and the nearest segment of coro- 
nary artery of normal appearance was taken as the 
point of reference. To minimise bias in the assess- 
ment of regional wall motion abnormalities of the 
left ventr:cle by previous knowledge of the coronary 
anatomy coronary angiograms were interpreted after 
interpretation of the left ventriculogram. 

Symptoms were assessed from the history ob- 
tained by the consulting cardiologist and included 
angina pectoris, heart failure, and syncope, or pre- 
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syncope. The diagnosis of heart failure required one 
or more ofthe following signs or symptoms: elevated 
jugular vengus pressure, pulmonary oedema on 
chest x ray, rales that did not clear with cough, or- 
thopnoea, or paroxysmal nocturnal dyspnoea. Be- 
cause of the difficulty in differentiating dyspnoea on 


exertion caused by heart failure from that associated ' 


with angina pectoris during exertion or that caused 
by lung disease or obesity, exertional dyspnoea by 
itself was not accepted as evidence of heart failure. 
Of the 26 patients judged to have heart failure on 
clinical grounds, 11 had documented pulmonary oe- 
dema, five had paroxysmal nocturnal dyspnoea 
without pulmonary oedema, and 17 were taking dig- 
italis (three patients), a diuretic (five patients), or 
both (nine patients). Two of the 11 patients with 
pulmonary .oedema received no pharmacological 
„treatment before catheterisation. y? tables and t tests 
were used to compare various subsets of the data.!* 


Results E 


SYMPTOMS 
Table 1 summaries the characteristics of the study 
population. Among adults valvar aortic. stenosis 
severe enough to require valve replacement is pre- 
dominantly a disease of elderly men. The mean age 
of the patients was 66 4 years at the date of cath- 
eterisation and 78% were men. Nearly two thirds 
(66 2%) of the patients had coronary heart disease 
and they were, on the average, four years older than 
those who did not. "Angina was the most common 
symptom and occurred in 45 (82%) of the 55 pa- 
tients with important coronary artery disease and 23 
(8296) of 28 without important coronary artery dis- 
ease. Table 2 shows that in patients with angina and 
those without angina mean values for left ventricular 
systolic function (ejection fraction), cardiac output, 
left ventricular end diastolic pressure, and severity 
of aortic stenosis (as judged by gradients and calcu- 
lated valve areas) were similar. Regional wall motion 


Tablel Haemodynamic variables (mean ( SD)) mm all 
study patients with aortic valve stenosis 





"Variable 





No of patients (sex) 83 (65 M, 18 F) 

66-4 (9 1) (range 33-85) 
No with significant CAD 55 z 
LV ejecuon fraction C9 . 58 (15) 
LVEDP (mm Hg) 23 uo 
Gradient (mm Hg) E 69 (30) 
Cardiac output (l/min) 52(14)(n = 75) 
Calculated valve area (cm? ). 0 67 (0 25) (n = 75) 
No with RWMA 32 - 


—— 
RWMA, regional wall motion abnormality of the left ventricle; 
CAD, coronary artery disease, LV, left ventricular; LVEDP, left 
ventricular end diastolic pressure. 
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Table2 Data (mean ( SD)) on patients with aortic valve 
stenosis wth or without angina 








- Patents Patients 

Variable anth angina without angina P 
No of pauents 68 15 
Mean age (yr) 66 1(92) 67 5(87) 0 60 
Sex ratio (M F) 56:12 9-6 
Ejection fraction (95) 58 (16) 59 (13) 091 
LVEDP (mm Hg) 23 (10) 78 (28 055 
Gradient (mm Hy 67 (31) 78 (26 0 24 
Cardiac output, (l/min) 5-2* a 4) 51104) 0 84 
Valve area (cn?) 0 69* (026)  061t(0:17) 0:33 
% with eaten 

CAD 66-2 667 
% with RWMA 38-2 400 


*61 patients, 114 patients. 

p values are for two tailed : tests. 

CAD, coronary art disease, LVEDP, left ventricular end 
diastolic pressure, RW. , regional wall monon abnormalities 


abnormalities were equally common in the groups 
with angina and without angina. 

Heart failure was present 1n nearly a third of the 
patients (26 of 83, 31-395). Table 3 shows that these 
patients were significantly older and more likely to 
be female than patients without failure, though men 
still predominated (18 M, 8 F). As would be ex- 
pected, those with heart failure tended to have 
higher left ventricular filling pressures (despite 
treatment with digitalis, diuretics, or both in most 
cases) and lower ejection fractions than patents 
without failure. The difference in ejection fraction 
was statistically significant (p « 0-05) but the 
difference in left ventricular filling pressure was not. 
The calculated valve areas and transvalvar gradients 
were comparable though the cardiac outputs of pa- 
tients with heart failure were on average lower than 
those of patients without heart failure (p = 0-04 for 
single tailed : test and 0-08 for two tailed r test). 
Similar percentages of the groups with and without 


Table3 Data (mean ( SD)) on patents with aortic valve 
stenosis with or without heart failure 


Patients Patients 

Variable with failure without failure p 
No of patents ' ' 26 57 
Mean age (yr) 69 5 (6 7) 64-6 (9 9) 003 
Sex rano (M F) 18:8 (2 25'1) 47.10 (4 7.1) 
Ejection fractton(%) 51 (19) 61 (16) 002 
LVEDP (mm Hp) 6 (10) 22 (10) 017 
Gradıent (mm Hg) 69 (23) 69 (33) 097 
Cardiac output, (l/min) 4 7* (1 3) 5 3t (1 4) 0-08 
Valve area (cm?) 0 61* (0 16) 0 69t (0 28) 021 
96 with significant 

CAD . 58. 70 
96 with RWMA 423 368 


*22 pauents; 152 patents 

paas are opa piled teat 

CAD, coronary art sease; LVEDP, left ventricular end 
diastohc pressure; R RWMA, regional wall motion abnormality. 
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Table4 Data (mean ( SD)) on patents with aortic valve 
stenosis with or without syncope 








Patients Patients 

Variable with syncope without syncope p 
No of patients 23 60 
Mean age (yr) 65 0 (9 3) 66 6 (9 3) 050 
Sex ratio (M:F) 15:8 50.10 
Byection fraction (%) 55 (16) 59 A 022 
LVEDP (mm Hg) 23 (11) 23 (10 0:93 
Gradient (mm Hg) 87 (34) 62 (26) 0001 
Cardiac output (l/min) 5 1* (1 6) 5 2t (1 3) 0 68 
Valve area (cm?) 058*(021) 0O7I1f (025) 0-03 
% with significant 

CAD 61 68 3 
% with RWMA 30 42 
*22 patients, 153 patients. 


p values are for two tailed t tests 
CAD, coronary art disease; LVEDP, left ventricular end 
diastolic pressure, RWMA, regional wall motion abnormality. 


failure had regional wall motion abnormalities (42 3 
vs 36:895). However, six of 26 patients with failure 
had at least moderately severe diffuse hypokinesia of 
the left ventricle, while this finding was present in 
only one of 57 patients who did not have failure. 
Interestingly, one of the six patients with diffuse hy- 
pokinesis had coronary disease. Thus global hypo- 
kinesia helped to identify patients with heart failure 
but regional wall motion abnormalities did not. 

Patients with syncope (table 4) had significantly 
more severe aortic stenosis with higher gradients 
and lower valve areas than patients without syncope 
but with equivalent left ventricular systolic func- 
tion, cardiac outputs, and filling pressures. Coro- 
nary artery disease and wall motion abnormalities 
were more common ın patients without syncope. 
Only four of the 83 patients ın the series presented 
with syncope as their sole symptom, whereas 38 pa- 
tients had only angina and six had only heart failure. 
Thirty five patients had two or more of the cardinal 
symptoms of aortic stenosis. 


REGIONAL WALL MOTION ABNORMALITIES 

The relation between regional wall motion abnor- 
malities (RWMA) and coronary artery disease 
(CAD) is shown in the y? 2 x 2 table shown below: 


No CAD CAD 
RWMA 2 30 
No RWMA 26 25 


Thirty of 32 patients with regional wall motion 
abnormality had significant coronary artery disease, 
whereas 26 of 51 patients with normal wall motion 
were free of coronary disease. By standard 
techniques!* the y? statistic calculated from the data 
18 15 6. This exceeds the value of 3-84 needed to 
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reject, with a 95% level of certainty, the hypothesis 
that regional wall motion abnormalities and coro- 
nary artery disease are unrelated. 

Using Bayesian analysis,!5 one can assess the use- 
fulness of left ventricular regional wall motion ab- 
normality as a screening test for significant coronary 
artery disease. In this context there were 30 true 
positives, two false positives, 26 true negatives, and 
25 false negatives for a sensitivity of 55%, specificity 
of 93%, and predictive value of 94%. 


Discussion 


This study of 83 patients with aortic stenosis and 
symptoms severe enought to prompt catheterisation 
before consideration of aortic valve replacement 
reaffirms the finding that angina pectoris does not 
predict which of the patients will have significant 
coronary artery disease. In fact, angina was as com- 
mon in patients who did not have coronary disease as 
in those who did. Left ventricular regional wall 
motion abrormalities predicted the presence of 
significant coronary artery disease with 94% accu- 
racy. On the other hand, the absence of regional wall 
motion abnormalities was an insensitive marker of 
angiographically normal or nearly normal (<50% 
obstruction of all vessels) coronary arteries, since 
there was still a 45% chance of significant coronary 
disease being present. Five of the 83 patients had 
neither angina nor regional wall motion abnormal- 
ities and yet had significant coronary obstruction, so 
we cannot agree with Graboys and Cohn who be- 
lieved that the absence of angina virtually excludes 
coronary disease in patients with aortic stenosis. 
Two patients had definite regional wall motion 
abnormalities but did not have significant coronary 
disease. Both were women with heart failure, severe 
aortic stenosis (gradients 109 and 101 mm Hg, valve 
areas 0-42 and 0:70 cm?), and impaired left ventricu- 
lar systolic function (ejection fractions of 43 and 
33%). Thus it seems that regional wall motion ab- 
normalities occasionally develop, in the absence of 
coronary o5struction, in the left ventricle that is fail- 
ing as a result of aortic stenosis; this feature was 
noted by Milanes et al in a recent study of exercise 
gated nuclear angiography.!5 Diffuse hypokinesis 
(five patients) is, however, more common. 
Although the patients with heart failure bad 
significantly lower cardiac outputs and left ventricu- 
lar ejection fractions than patients without heart fail- 
ure, the differences were not pronounced and the 
values for these two measures of left ventricular sys- 
tolic function were on average at the lower limits of 
normal. A previous study by Spann etal concluded 
that contractile function assessed by end systolic 
pressure relations is impaired in severe aortic steno- 
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sis with heart failure, but that cardiac ouput and 
ejection fraction are maintained at nearly normal 
values in most cases by increased preload (LVEDP) 
by the Frank-Starling mechanism,® as we also 
found. On average the left ventricular end diastolic 
pressures in our patients with heart failure were 
higher than those in the patients without failure 
(though they were not statistically significant), 
despite treatment with digitalis, diuretics, or both 
in most cases; this further emphasises the role of 
diastolic dysfunction in the genesis of symptoms in 
these patients. 

Cross sectional echocardiography!’ and radio- 
nuclide angiography!$!9 should provide similar 
sensitivity and specificity for the detection of coro- 
nary artery disease via regional wall motion abnor- 
malities as contrast ventriculography in this setting 
in patients in whom adequate images can be ob- 
tained. In addition, echocardiography allows visual, 
qualitative assessment of the structure and function 
of all four cardiac valves and quantitative assessment 
of the transvalvar aortic pressure gradient by 
Doppler techniques,!?29? so it would appear to be 
the ideal technique for non-invasive assessment of 
patients with aortic stenosis. 

There has been considerable controversy over the 
necessity of routine preoperative coronary angio- 
graphy in patients with operable valvar heart dis- 
ease. St John Sutton etal have argued that 
angiography is largely unnecessary?!; Roberts”? and 
O'Rourke?? disagreed. In our population of mostly 
elderly patients with symptomatic aortic stenosis, 
the frequency of significant coronary artery disease 
was high, and the absence of angina and left ventric- 
ular regional wall motion abnormalities was not re- 
liable in excluding significant coronary disease. 
Therefore, we recommend that coronary angio- 
graphy be performed before aortic valve replace- 
ment for aortic stenosis in adults. 


We thank Mr Robert M Owen for ‘his assistance 
with the statistical analysis of the data. 
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Radionuclide left ventricular ejection fraction: 
a comparison of three methods 
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Clinical Research Centre, Watford Road, Harrow, Middlesex 


SUMMARY Three commercially available computer programs (a semiautomatic method, a manual 
method, and a regional method) were used to calculate left ventricular ejection fraction from the 
equilibrium multiple gated radionuclide ventriculograms obtained from 24 normal male subjects 
and 20 men with heart failure. In the normal subjects the ejection fraction values calculated by 
each method were significantly different (mean (SD) difference between semiautomatic and man- 
ual 3:3 (5 8); between semiautomatic and regional 12:0 (6-3); and between manual and regional 8:7 
(6:9). In the patients with heart failure the ejection fraction values calculated by the semi- 
automatic method differed significantly from those calculated by the manual and regional meth- 
ods (mean (SD) difference between semiautomatic and manual 3-4 (4-7); between semiautomatic 
and regional 4-9 (4-9); and between manual and regional 1-5 (6-2)). The ejection fraction values 
obtained by the semiautomatic method were generally higher and more consistent than those 
derived from the manual and regional methods. An ejection fraction of 25094 with the semi- 
automatic method would be regarded as normal but if the same normal range was applied to the 
regional method nine (38%) of the 24 normal subjects would appear to have an abnormal left 
ventricular function. 

Clinicians should be aware that the method used to generate a time-activity curve is an im- 
portant consideration in the calculation of ejection fraction. Each centre should establish its own 
range and reproducibility for the method it uses to measure ejection fraction. These values should 
not be assumed to apply to any other method. 


Since the first descriptions of the use of radionuclide 
techniques to measure left ventricular ejection 
fraction! ? and to detect regional ventricular dys- 
function? radionuclide ventriculography has be- 
come increasingly important not only to the 
management of patients with cardiac disease but also 
to the investigation of patients in various phys- 
iological states and during pharmacological inter- 
vention. The technique is safe, repeatable, and does 
not induce measurable alterations in haemodynamic 
function.^ Initially, manual methods were used to 
calculate the ejection fraction from the radionuclide 
scan with the observer tracing the ventricular mar- 
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gin 1n end diastole and end systole; many centres still 
use this method. Improved computer technology 
has produced automated techniques for tracing the 
ventricular contour, these techniques relying on 
edge defining algorithms to detect the ventricular 
margin. Automated techniques are claimed to give 
more consistent results*; however, some believe that 
edge defining algorithms are liable to error and they 


- sull favour the manual method for selecting regions 


of interest. -Automation has increased the number 
of companies marketing programs and the number 
of programs available to calculate ejection fraction. 
These programs differ in the way in which they gen- 
erate a time-activity curve and it is apparent that this 
may lead to differences in ejection fraction values 
between programs. 

The purpose of this study was to investigate the 
differences between three commercially available _ 
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methods used to calculate, ventricular ejection frac- 
tion and to assess the variability of these methods. 


+ 


Patients and methods 


The multiple gated radionuclide ventriculograms of 
24 normal men and 20 men with. heart failure were 
studied retrospectively. All the normal subjects had 
no history of cardiac disease,-normal cardiovascular 
examination, and a ‘normal .electrocardiogram. 
Ischaemic heart disease was the cause of heart failure 


in 18 patients, with alcoholic cardiomyopathy and . 


cardiomyopathy of “unknown cause being the 
primary diagnoses in the other two patients. 


. Red blood cells were labelled in vivo by an intra- - 


venous injection of 10 mg unlabelled stannous pyro- 
phosphate followed 20 minutes later.by 740 mBq of 
technetium-99m.. Multiple gated ventriculograms 
were obtained by means of an Anger scintillation 
camera with a low energy, all purpose. collimator 
(Elscint, Apex 215M). The camera was positioned in 


the 30?—45? left anterior oblique projection with , 
. 5°-10° caudal tilt in order to isolate the left ventricle. 


The R-R interval was divided into 32 frames and a 
5% gate tolerance was used. Five million counts 
were collected and the data were stored on a 64 x 64 


matrix.to obtain e high resolution time-activity’ 


curve of the change in precordial radioactivity. 
Three commercially. available programs that are 

widely used in different centres were used to mea- 

sure the left ventricular ejection fraction from the 


ventriculogram—a semiautomatic method,’ a man-* 


ual method, and a'regional method? that estimates 
the ejection fraction of the lateral, inferoapical, and 
septal regions as well as the global ejection fraction. 
The same time correction and nine point smoothing 
was applied to every. scan studied by each method. 


To correct for non-cardiac activity the same back- _ 


ground region of interest was used with each 
method; this region was two pixels: wide and two 


pixels from the left lower quadrant of the left ven- ` 
tricle on the end systolic frame. The method used to ' 
generate a time-activity curve-was different with , 


each program. With the.semiautomatic method the 
observer drew a region.of interest, around the ven- 
tricle on the first frame. A second derivative edge- 
defining algorithm automatically determined the 
ventricular outline of all frames of the cycle. If nec- 
essary the observer could alter the outline of any 
frame. With the manual method the observer traced 


the outline of the ventricle on the first frame and the .. 


end systolic frame. With the regional method the 
Observer drew a region of interest around the ven- 
tricle on the first frame and a second derivative edge- 
defining algorithm was used to determine the 
ventricular outline in this frame, the outline being 
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altered by the observer if necessary. This outline 
was then positioned on all 32 frames. 

One observer (observer 1) estimated the ejection 
fraction in all subjects using each program on two 
separate occasions. The intraobserver variability 
was estimated from the results of the 24 normal sub- 
jects only. The mean of the two ejection fraction 
readings was used to analyse the differences between 
the programs. Two other observers (observers 2 and 
3) estimated the ejection fraction in 10 of the 24 nor- 
mal subjects using each program on one occasion. 
Their results were compared with the first esti- 
mation by observer 1 in the same 10 subjects to esti- 
mate the interobserver variability for each program. 

Student's t tests (two tailed) were used to estimate 
the intraobserver variability. Two way analysis of 
variance was used to estimate the interobserver vari- 
ability and the differences between the three pro- 
grams. A difference was regarded as significant when 
p < 0-05. 


Results 
The mean age of the 24 normal subjects was 37 years 


(range 20-58). and that of the 20 patients with heart 
failure was 61 years (range 47-74). The mean ejec- 


„tion fraction (SD) in the 24 normal subjects was 63 


(6:9)% (range 51-78%) for the semiautomatic 
method, 60 (6:3)% (range 46-70%) for the manual 
method, and 51 (8:2)% (range 35-66%) for the re- 
gional method. In the 20 patients with heart failure 
the mean ejection fractions were 29 (9-4)% (range 
14-45%), 26 (9-4)% (range 13-46%), and 24 (5-9)% 
(range 17-38%) for semiautomatic, manual, and re- 


- gional methods respectively. 


INTRAOBSERVER AND INTEROBSERVER 
VARIABILITY 


. & comparison of the first and second ejection frac- 


tion values obtained by each method in both groups 
(table 1) showed no significant intraobserver vari- 
ability in either group with any of the methods. The 
comparison of the readings obtained by three ob- 
sérvers: using each method in 10 of the 24 normal 
subjects (tables 2 and 3) showed no significant inter- 
observer variability. Comparison of the intra- 
observer and interobserver variability in the normal 
subjects (table 4), however, showed that the inter- 


'observer variability was significantly greater than 


the intraobserver variability with the manual 


and regional methods (p< 0-05 and p < 0:025 


respectively) but not with the semiautomatic 
method (p = NS). i 


COMPARISON OF PROGRAMS 


We compared the three programs in both groups of 
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Table 1 Comparison of the first and second ejection 
fraction (EF) values obtained by each method ın the normal 
subjects and subjects with heart failure 


Method used to Mean SE of mean 
measure difference difference p value 
Normal. 
Semiautomatic —029 061 NS 
ual —0 13 075 NS 
Regional +0 88 0 76 NS 
Heart failure 
Semiautomatic +0 20 050 NS 
Manual +140 080 NS 
Regional —0 60 0 61 NS 





Table 2 Comparison of ejection fraction (EF) values 
obtained by observers 1 and 2 in 10 normal subjects 


Method used to Mean SE of mean 

measure EF difference difference p value 
Semiautomatic -12 116 NS 
Manual —20 2:01 NS 
Regional —24 1:96 NS 


'Table3 Comparison of ejection fraction (EF) values 
obtained by observers 1 and 3 in 10 normal subjects 


Method used to Mean SE of mean 

measure EF difference difference p value 
Semiautomatic —18 131 NS 
Manual —09 135 NS 
Regional —18 211 NS 


subjects by plotting the average of the mean ejection 
fraction obtained by any two programs against their 
difference.? In the normal subjects (fig 1) the mean 
difference (SD) between the semiautomatic and 
manual methods was 3:3 (5:8)% (p < 0-02), between 
the semiautomatic and regional methods it was 12-0 
(6:3)% (p < 0:0001), and between the manual and 
regional methods it was 8:7 (6:9)% (p < 0 0001). 
There was no correlation between the average 
ejection fraction and the difference for any of the 
comparisons, indicating that the difference was not 
related to the magnitude of the ejection fraction. As 
shown on the histograms of the distribution of 
differences, the ejection fractions obtained from the 
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semiautomatic method were generally higher than 
those from the other two methods; the ejection frac- 
tions obtained from the regional method were ap- 
preciably lower than the semiautomatic and manual 
methods. In the patients with heart failure (fig 2) the 
mean (SD) difference between the semiautomatic 
and manual methods was 3 4 (4 7) (p < 0-01), be- 
tween the semiautomatic and regional methods it 
was 4-9 (4-9) (p « 0-0005), and between the manual 
and regional methods it was 1:5 (6:2) (p = NS). 
There was no correlation between the average ejec- 
tion fraction and the difference when the semi- 
automatic and manual methods were compared but 
there was a positive correlation for the comparison 
of semiautomatic and regional methods (r — 0 75, p 
< 0:0002) and manual and regional methods (r = 
0-60, p « 0-005). Again the ejection fraction values 
obtained with the semiautomatic method were gen- 
erally higher than those obtained with the manual 
and regional methods. 


Discussion 


We have compared three commercially available 
programs that are used for the estimation of ejection 
fraction and we have demonstrated that the method 
used to generate a time-activity curve is an im- 
portant consideration in the calculation of ejection 
fraction. Throughout the whole range of ejection 
fraction values the semiautomatic method gave 
significantly higher values than the manual and 
regional methods. The semiautomatic method also 
produced more consistent results than the other two 
methods with which the interobserver variability 
was significantly greater than the intraobserver 
variability. However, our results with the manual 
method do not support the view of Reiber et al that 
the manual method 1s characterised by large inter- 
observer and intraobserver variations.? 

There are important differences between the three 
programs in the method of generating a time- 
activity curve. With the manual method the first 
frame is assumed to be the end diastolic frame. The 
end diastolic frame is sometimes at a different point 
in the cycle, however, and this would lead to an 
underestimation of the end diastolic counts and, 


Table 4 Comparison of intraobserver and interobserver variability in ejection fraction in normal subjects 


SD of differences 
between 2 EF values 
obtained by observer 
Method used to measure EF 1(SD,) 
Semiautomatic 300 
Manual 3:69 
Regional 3-71 


SD of differences 1n 


EF values obtained Rano of variance 

by 3 observers (SD,) (SD,7/SD,?) p value 
371 153 NS 
551 2 23 <005 
6:21 2:80 «0 025 
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therefore, of the ejection fraction. Because the semi- 
automatic method defines the ventricular margin in 
all 32 frames it identifies the end diastolic frame 
more accurately. We believe that this difference in 
identifying the end diastolic frame accounts for the 
differences observed between these two methods. 
The regional method used transfers the left ventric- 
ular margin from the first frame on to all the frames 
in the cycle. Again the assumption that the first 
frame 1s the end diastolic frame could lead to an un- 
derestimation of the ejection fraction. Furthermore, 
by superimposing the left ventricular margin from 
the first frame on to all frames the counts from the 
end systolic frame will include extracardiac counts 
and this will lead to further underestimation of the 
ejection fraction. At low ejection fractions the effect 
of the extracardiac counts will be less because the 
end diastolic left ventricular margin will approxi- 
mate the end systolic left ventricular margin; as the 
ejection fraction increases the extracardiac counts 
increase and this approximation becomes less. It is 
this factor that accounts for the positive correlation 
between the average ejection fractions and the 
differences between methods when the regional 
method is compared with the semiautomatic and 
manual methods in the patients with heart failure. In 
our centre the normal range of ejection fraction 
established with the semiautomatic methods was 
250%. If this normal range was applied to the re- 
gional method nine (38%) of the 24 normal subjects 
would be regarded as having abnormal cardiac func- 
tion. 

Although the semiautomatic method produces the 
most consistent results 1t is difficult to prove that it 
produces the most accurate results. Cardiac phan- 
toms have been used to determine the most accurate 
methods but there are large differences between the 
quoted and estimated ejection fraction. The 
verification of programs remains a problem; until it 
is solved unsatisfactory programs will conunue to be 
marketed and comparison between different centres 
will remain difficult. Because the time-activity curve 
13 now being used to calculate various indices of ven- 
tricular systolic and diastolic function the issue of 
quality control becomes even more important. It has 
been suggested that quality control of the analysis 
software is best done by means of a library of patient 
data, the results of which have been previously 
authenticated.© However, as was acknowledged, if 
the data were collected on another system the prob- 
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lem of data transfer and compatibility becomes a 
major issue. 

Clinicians should be aware that the measurement 
of ejection fraction 1s dependent on the method used- 
and each centre should establish its own normal 
range and reproducibility for the method it uses to 
measure the ejection fraction and should not assume 
that these values will apply to any other method or 
even to the same method produced by another com- 
pany. 


We wish to acknowledge the assistance of Caroline 
Dore, Department of Statistics, and Dr John Whit- 
tington, Department of Cardiology. 
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“Syndrome myxoma”: a subset of patients with 
cardiac myxoma associated with pigmented skin 
lesions and peripheral and endocrine neoplasms 
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-W P DANIEL SU, A JAMIL TAJIK 


From the Department of Internal Medicine and the Department of Dermatology, Mayo Clinic and Mayo 
Foundation, Rochester, Minnesota, USA 


SUMMARY From January 1954 to December, 1985 cardiac myxorna was diagnosed in 75 patients 
at the Mayo Clinic. The clinical presentation was typical in 70 cases and was referred to as 
"sporadic myxoma". Forty four other cases of cardiac myxomas (five from the Mayo Clinic) 
presented with a combination of distinctive clinical features and these cases are described as 
"syndrome myxoma". The patients with syndrome myxoma were younger (mean age, 25 vs 56 
years) and had unusual skin freckling (68%), associated benign non-cardiac myxomatous tumours 
(57%), endocrine neoplasms (30%), and a high frequency of familial cardiac myxoma (25%) and 
familial endocrine tumours (14%). The two types of cardiac tumour were different (syndrome ws 
sporadic): atrial location, 87% vs 100%; ventricular location, 13% vs 0%; single tumour, 50% vs 
99%; multiple tumours, 50% vs 195; and recurrent tumour, 18% vs 0%. 

It is concluded that patients with syndrome myxoma represent a distinctive subgroup in which 
there are important clinical, surgical, and genetic implications. More importantly, syndrome 


myxoma appears to be only one expression of a much larger disease entity. 


Although it is rare, cardiac myxoma is the most fre- 
quently encountered primary neoplasm of the 
heart.’ Cardiac myxomas are typically sporadic, 
benign, non-recurring, left atrial tumours.! They are 
usually attached to the atrial septum, in or about the 
valve of the fossa ovalis, and are more common in 
females and in patients aged from 30 to 60.? i 
From a review of experience at the Mayo Clinic 
and a critical review of published reports we recog- 
nised a subset of patients with cardiac myxoma and 
associated systemic manifestations including pig- 
mented skin lesions and non-cardiac tumours.? 
These patients have distinctive clinical features that 
separate them from the larger group of patients with 
the more common sporadic myxoma.? We call the 
.condinon in this subset of patients "syndrome 
myxome".. 
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We have compared sporadic myxoma with syn- 
drome myxoma and we summarise the specific 
findings that allow clinical distinction between the 
two. The most important distinction is that syn- 
drome myxoma appears to be a multisystem disease. 


Patients and methods 


From 1954 to 1985, 75 patients with cardiac myxoma 
were seen at the Mayo Clinic. Seventy of them had 
the sporadic type of cardiac myxoma. Five (7%) 
patients have subsequently been recognised as 
having an atypical presentation and these were the 
original cases that prompted the use of the term 
syndrome myxoma. We defined syndrome myxoma 
as cardiac myxoma with one or more of the following 


: features: cutaneous lentiginosis or unusual hyper- 


pigmented skin lesions (that is, unusual or excessive 
freckling), non-cardiac myxoid tumours or 
neurofibromas, or a rare endocrine neoplasm. When 
we used these three criteria to review published 
reports we found 39 additional cases of syndrome 
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Table 1 Details of 44 patients with syndrome myxoma i 


m m 





Case Age Pigmented Non-cardtac Farmhal 
No ‘Reference (yr) Sex Cardiac myxoma — macules myxoma s Other feature Clinical features 
1 4 16 M LA and LV (S) + — — — Blue naevi (multiple) 
2 5 10 M Biarrial (S) + Sk (NF) AH — Blue naevi 
3 6 29 M LA and RV (S) — Sk — -— Hurthle cell thyroid 
adenoma 
4 7 26 F 4 ın RA (S) — Sk; Br, U AH, pheo + , Sister of case 5 
5 7 ? F Site + , Br ^ AH + 
6 8 16 M RV — LCCSC - 
7 9 12 F RA - Br + Mother had LA myxoma 
8 10 29 F Biatrial e T — — - " , 
9 11 22 F Biatrial (S) t — — — 
10 12 16 F LA + Sk, Br — + Four myxoma operations 
18 LA (R) (multiple) (see fig 3) 
20 RA and LA (R) 
c (multiple) 
29 RA R) ‘ i 
11 12 56 M LA + Sk — + Father of case 10 
(see fig 3) 
12 13 14 F Biatrial (S) — — — 
13 14 45 F RA, LA, RV, LV — Sk AH - ` 
(S 
14 15 46 M LA (2 stalks) - Sk — + Possible acromegaly 
46 4LA 
52 6LA 
RA - 
15 16. 23 M RV - Sk LCCSC + Idenucal twin with RV 
: A myxoma 
16 17 ? F Site unknown — — AH - 
17 18 12 F 2LA (S) + — — — Hispanic 
18 19 25 F RA — Sk, Br — + ‘ 2 
19 20 24 F LA, LV (S) + Sk, Br — T Brother with acromegaly, 
` cardiac myxoma, 
lentigines 
20 21 18 M LA = Sk — - 3 myxoma operations 
21 22 19 M RA + — — - 
22 23 14 M LA + — — — 
23 24 26 M RV + — Test. tumour - 
24 25 ; 16 M LV + — AH, LCCSC + Brother of case 25. 
25 25 10 M LA + — AH, LCCSC t Brother of case 24 
26 26 ? F Site unknown — — Acromegaly — 1c 
27 27 18 M + Palate NF — - 2 myxoma opetations 
? M LV R) 
28 28 10 F + Sk, Br, vulva — — Blue naevi 
29 28 ? F Site unknown + — = + 
30 28 ? M. Site unknown + — — t 
31 28 ? F Site unknown T — — t 
32 29 33 F - Br, FA — — 2 myxoma operations 
30 39 > LA (R) 
33 29 37 F — Br, FA — - ; 
34 -3l 36 F LA + Br, FA, Sk AH + Brother with LA myxom: 
35 32 25 F RA, 2 LA (S) - Palate NF — * Hispanic, sister with LA 
myxoma 
36 33 30 F RV + Br, vulva, NF — - 
37 34 15 F RA, 2 LA ( + Sk = = 
38 PC 12 F Biatrial (S) + — — — Hispanic 
39 PC 37 F LV -à + — — - Muldple naevi 
40 Mayo 17 F Buatrial (S) + Sk — — 2 myxoma operations 
19 RA (R) Sk — ' — 
4) Mayo 32 F 3 RA 3 + Br, FA — ; - 3 myxoma operations 
i 35 4LA (see fig 4) 
45 LA (R, ' 
42 Mayo 33 LA — — 
43 Mayo 52 M LA Vocal cord — - 
44 Mayo 33 F RA Sk — — 2 myxoma operations 
43 - 2 RA, LA (R) (S) 


n E M 
AH, adrenal hyperplasia; Br, breast; FA, fibroadenoma; LA, left atrium; LCCSC, large cell calcifying Sertoli cell testicular tumour; LV, left ventricl 
NE, neurofibroma; PC, personal communication; pheo, pheochromocytoma; R, recurrence; RA, right atrium; RV, right ventricle; S, synchronous; Sk, ski 
Test., testicular; U, uterus; V, ventricle; ?, not known. 
myxoma. Each example was originally reported'asan Results : 
isolated case. We compared the 44 cases of syndrome i ' ] 
myxoma with the 70 cases of sporadic cardiac SYNDROME MYXOMA PATIENTS 
myxoma at the Mayo Clinic. Table 1 shows data on the 44 patients with syndrome 


Syndrome myxoma 





Fig] Unusual facial freckling in four patients with atrial myxoma, (a) Eighteen year old 
man (case 27) with extensive freckling, palatal myxoid neurofibroma, and reddish hair. | From 
Rees et al.?? By permission of the British Heart Journal.) (b) Ten year old boy (case 4) with 
biatrial myxoma, freckling, skin myxoid neurofibromas, blue naevi, and rust red hair. ( From 
Atherton et al.5 By permission of the British Association of Dermatologists.) (c) Fourteen 
year old boy (case 23) with left atrial myxoma, lentigines, and red hair. ( From Peterson and 
Serrill^?; by permission of the American Academy of Dermatology, Inc.) (d) Seventeen year 
old girl (case 40) with biatrial myxoma; right atrial myxoma recurred at age 19. There were 
extensive freckling and skin myxomas. 
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Fig2 Peripheral myxoid tumour on the lower right 
patient as in fig 1 d). 


myxoma. Patients with syndrome myxoma were 
significantly younger (mean age 25 years) and had a 
high frequency of non-cardiac manifestations: freck- 
ling (30 patients, 68",), peripheral tumours (25 
patients, 57"), or endocrine neoplasms (13 patients, 
30°,,). Half of these 44 patients had one associated 
feature, 19 (43",,) had two, and three (7",,) had all 
three. There were 28 women and 16 men (ratio, 
1:8:1). 


Cardiac myxoma 

The 44 patients had a total of 103 cardiac myxomas 
(2:3 myxomas per patient). Half of them had mul- 
tiple cardiac myxomas and half had a single cardiac 
myxoma. In patients with single tumours, 41", were 
in the left atrium, 24^;, were in the right atrium, and 
35%, were in the ventricles. Twelve (27^,) of the 44 
patients had at least one ventricular myxoma. 

Fifty two (50°,,) of the 103 tumours were in the 
left atrium, 32 (31",) were in the right atrium (10 
were synchronous biatrial), 13 (13°,,) were ventricu- 
lar (7 right and 6 left), and in six the affected chamber 
was unknown. Eight (18",) of the 44 patients had at 
least one recurrence of a cardiac myxoma and three 
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eyelid of 17 year old girl (case 40) (same 


had a third operation for recurrence (cases 10, 20, 
41). 


Pigmented skin lesions 

Thirty (68",,) of the 44 syndrome myxoma patients 
had unusual facial and truncal "freckling" (fig 1). 
Published reports described patients as having 
simple freckles, lentigenes, multiple superficial 
naevi, ^cutaneous pigmented macules," and blue 
naevi. Several patients had both lentigenes and 
freckles. Each type of cutaneous lesion was 
confirmed by skin biopsy. At least four of the 
patients had hyperpigmented macules of the mucous 
membranes. The freckling is usually described as 
centrofacial rather than peripheral. 


Peripheral tumours 

Peripheral myxoid tumours (fig 2) or neurofibromas 
were present in 25 (57",) of the 44 patients; the sites 
included the breasts, face, extremities, torso, vulva, 
uterus, buttocks, and vocal cords. Two patents 
(cases 27 and 35) had neurofibromas of the palate. 
Histologically these tumours were myxomas, 
myxoid fibroadenomas, myxoid neurofibromas, 
neurofibromas, and myxoid leiomyomas. Several 
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Fig3 (a) The father is pictured in his twenties; diffuse lentiginoses were present. He died at age 56 fr 
myxoma. His daughter (b, c, d) pictured at ages 2, 7, and 13 years, had diffuse lentiginoses that were aj 


n 


early age and became more apparent with age. She died aged 21 after four operations for cardiac myxoma 





252 


Table 2 Comparison of clinical features of sporadic 
myxoma and syndrome myxoma 


— 





Feature Sporadic Syndrome 
Age (yr) (range 56 (39-82 25 (10-56) 
Female/male ratio 27:1 1:8:1 
Patients (No 70 44 
Cardiac myxomas (No 72 103 
Distributions of myxomas 
Atrial ventricular 100/0 87/13 
Single multiple 99/1 50/50 
Biatrial 0 23 
Recurrent 0 18 
Familial 0 27 
Freckling ) 0 68 
Non-cardiac tumours 0 57 
Endocrine neoplasm (‘ 0 30 
Familial 0 14 





patients had both myxoid cutaneous tumours and 
myxoid fibroadenomas of the breast. Most patients 
had only one histological type of tumour. None of 
these patients had von Recklinghausen's neuro- 
fibromatosis or Albright's syndrome. 


Endocrine neoplasms 

Thirteen (30",) patients had associated endocrine 
tumours. Three patients had multiple endocrine 
neoplasms. The adrenal cortex was affected in eight 
patients; several of these had clinical Cushing's syn- 
drome requiring bilateral adrenalectomy, and one of 
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these also had a pheochromocytoma. Testicular 
tumours were present in five patients (four with large 
cell calcifying Sertoli cell testicular tumours and one 
with an interstitial cell tumour of the testis produc- 
ing androstanedione and testosterone). Only testi- 
cular, adrenal, or pituitary tumours were regarded as 
valid for entry criteria; however, many patients had 
thyroid neoplasms, including Hürthle cell adenoma 
of the thyrcid, mixed papillary and follicular epi- 
thelial hyperplasia, and thyroid carcinoma. None of 
these patients had a recognisable multiple endocrine 
adenomatosis syndrome, neurofibromatosis, or 
Albright's syndrome. 


Familial features 

In addition to the freckling (fig 3) seen in many of the 
first degree relatives of syndrome myxoma patients, 
15 (34°,,) patients had at least one of the following: 
familial cardiac myxoma, 11 patients; familial non- 
cardiac myxoid tumours, eight patients; familial 
endocrine neoplasms, six patients; two or three 
familial features, eight patients. 


SPORADIC CARDIAC MYXOMA 

The 70 consecutive patients from a single institution 
had a total of 72 myxomas (approximately one 
myxoma per patient) and the clinical presentations 
and associations were distinctly different from those 
in patients with syndrome myxoma (table 2). Most of 





Patient | case 44 


Fig4 
atrial myxoma at age 33 and a recurrent left 


with history of right 


atrial myxoma at age 43. The patient was heavily 
frechled with multiple non-cardiac myxomas and 
blue naevi. Ai operation at age 43 she was found 
to have multiple biatrial myxomas. 


S ‘yndrome myxoma 


these patients have been reported elsewbere.?5 ^?" - 
There were no- bilateral or ventricular myxomas. ` 


There were no recurrénces and no associated familial 
features. None of the patients with sporadic myxoma 
-had unusual freckling’ or lentiginosis, peripheral : 
myxoid tumours or neurofibromas, or adrenocortical 
or testicular- tumours. The group comprised 51 
women,and 19-men mitano, 2:7:1) with a mean age of 
56 years. : “oe 


E 


Discussion ug. n 


Er i 
In 1960, Frankenfeld etal described a 22 year old 
white woman with “many dark brown to black freck- 
les on the skin” and: ‘synchronous -biatrial cardiac 


myxomas.!! Although these investigators recognised ` 


the rarity of biatrial cardiac tumours, they did not 
appreciate-the significance of the cutaneous hyper- 
pigmentation: .In 1973, Rees etal reported, in the 
British Heart Tournal, the association of cutaneous 
lentiginosis and a left atrial myxoma in an 18 year old 
man (fig 1).?7 In 1980, Atherton et al described addi- 
tional features—namely, peripheral tumours and 
blue naevi—in a 10 year old boy with a synchronous 
biatrial myxoma (fig1).* In 1982, Schweizer- 


- Cagianut et al, unaware of the reports by Rees ef al. 


and Atherton et al, described a single family with 


cardiac myxomas and familial endocrine neo-. 


plasms.?! In 1984, Rhodes'et al described another 
case and raised the question of the possible associ- 
ation of endocrine neoplasms and cardiac myxoma.?? 
There had been earlier reports-of cardiac myxoma 
and an association with fibroadenoma of the breast.?° 
In 1984, we reported our observations on patients 
with cardiac myxoma and the belief that a subset of 
these patients: represented a unique. subgroup.? (In-. 
April 1984 this paper was the winner of the Associate 
Clinical Paper Competition ‘at the meeting of the 
American College of Physicians in Atlanta.) Other 
investigators at the ; Mayo . Clinic ! subsequently 
reported a. review of.the features of patients with , 
a complex of myxomas, spotty pigmentation, 
and endocrine overactivity that included atrial 
myxoma.’ : 

Previoüs “descriptions of. syndrome myxoma * 
patients have usually appeared as isolated case 
reports. To date we have recognised five patients 
who originally presented at the Mayo Clinic and 39 
gleaned from international. "reports. All 44 had car- 
` diac myxomas; and this report is the first review to 
concentrate on syndrome ‘myxoma patients with a 
cardiac myxoma. : 

-A significant feature. of this unique subgroup is 
young age (mean age, 25 vs 56 years), and the condi- 
tion is typically associated with cutaneous len- 
tiginosis, blue naevi, peripheral tumours, and 


ated with’ diffuse 
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endocrine neoplasms. It is not clear whether these 
patients have true freckles or lentiginosis; however, 
we favour the latter interpretation. 

Approximately 50% of the patients with syn- 
drome myxoma have multiple cardiac myxomas with 


a high frequency of biatrial, ventricular, and recur- 
‘rent myxomas. In our review of published reports 


we found patiént subgroups with cardiac myxoma 
in which: syndrome features were common 
. (syndrome/total): synchronous biatrial myxomas, 


` 13/32 (41%)*8; ventricular myxomas, 12/77 (16%); 


age <18 years, 15/66 (23%);. recurrent cardiac 
myxomas, 7/33 (21%); multiple cardiac myxomas, 
17/54 (31%)°9; and familial cardiac myxomas, 12/30 


(4094.99 


The familial manifestations of the syndrome 
myxoma -patients are particularly interesting. Of 
12 reported families with familial cardiac 
myxoma,’ 9 12 16 25 31 3240-44 seven (58%): had at 
least one family member with syndrome myxoma. 
For this presentation, we excluded relatives of syn- 
drome patients. with cardiac myxoma who failed to 
meet any of the three additional entry criteria (rela- 


“tives iri cases 9,.16, 31; and 32). It 1s strongly sug- 


gested, however, that these relatives are likely to 
have thé syndrome. 

This syndrome is probably a “genetic” disorder in 
the mendelian sense, but much more extensive fam- 
ily studies will be needed before a specific pattern of 
inheritance can be identified.** Individual cases of 
familial cardiac myxoma*5 may resemble cases of 


‘syndrome myxoma: patients ‘with faniilial cardiac 


myxoma are younger and have a higher frequency of 
multiple, biatrial, and ventricular myxomas..For the 
present; however, the prudent physician should be 
aware of the possibility of familial occurrence and 


"advise the first degree relatives (parents, siblings, 


and children) of patients with syndrome myxoma to 
be examined. - 

Theories about the pathogenesis-of this syndrome 
“remain- speculative. Although we believe that syn- 
drome myxoma is a separate entity, many other dis- 
eases can have some of the same characteristic 
features. Other cardiac syndromes with lentiginosis 


^or freckling include electrocardiographic abnormal- 


ities,*® valvar heart disease,*” hypertrophic cardio- 
“myopathy, *® and the LEOPARD syndrome*? (L = 
lentigenes, E = ee conduction 
defect, ( O = ocular hypertension, P = pulmonary 
valve stenosis, A = abnormalities of genitala; R= 

retardation of growth, and D =, deafness). Other 
entities such as von Recklinghausen’ s neuro- 
fibromatosis,*? centrofacial lentiginosis,*! multiple 
endocrine neoplasia type 3,5” LEOPARD syn- 
drome;** and Peutz-Jeghers** syndrome are associ- . 
lentiginosis and endocrine 
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abnormalities and have an autosomal dominant 
mode of inheritance. Albright's fibrous dysplasia?? 
and neurofibromatosis?? are associated with hyper- 
pigmented skin lesions, endocrine abnormalities, 
and soft tissue myxomas. Unlike most of these simi- 
lar conditions, which are the result of a mutation in 
the embryonic neural crest?" myxomas are 
believed to be of mysenchymal origin. A recent 
report, however, suggests the possibility of mal- 
development of the neural crest in cardiac 
myxoma.?? 

We have avoided the use of mnemonic acronyms 
such as NAME? (N = naevi, A = atrial myxoma, M 
= mucocutaneous myxomas, E = ephelides) or 
LAMB"? (L = lentigines, A = atrial myxoma, M = 
mucocutaneous myxomas, B = blue naevi) to 
describe the features of syndrome myxoma. Such 
acronyms describe only some of the manifestations 
of the syndrome, which appears to be a multisystem 
condition that may be associated with cardiac 
myxoma. We therefore believe there is no suitable 
acronym. 

In summary, syndrome myxoma should be sus- 
pected in any patient under age 40 years with a car- 
diac myxoma at a site other than the left atrium. 
Such patients should be assessed preoperatively for 
important associations including adrenal integrity, 
and the surgeon should be made aware of the need 
for thorough inspection of the heart for multiple 
subclinical myxomas. Any patient who has familial, 
recurrent, ventricular, or multiple cardiac myxomas 
and is unusually freckled or has peripheral non- 
cardiac myxomas or a rare endocrine neoplasm 
should be followed because syndrome myxoma often 
recurs. If syndrome myxoma is recognised in an 
individual, all the first degree relatives should 
undergo formal evaluation. Cardiac myxoma 
appears to be only one of the many manifestations of 
syndrome myxoma. 


We thank Dr James E Vanek, Dr Leonard Zon, Dr 
Patrick M McCarthy, Dr Robert E Whalen, Dr 
Robert P Bolande, Dr Ralph G Koon, and Mr James 
W Nesmith, for personal communication of infor- 
mation. 
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SUMMARY The diagnosis of cardiac sarcoidosis, particularly when there is no overt systemic 
involvement, is frequently delayed because of its varied manifestations. Focal left ventricular wall 
motion abnormalities weré recognised in five patients with sarcoidosis. Three patients showed 
abnormal regional wall motion in the basal portion of the ventricular septum and free wall with 
sparing of the apex. The angiographic appearances supported the echocardiographic findings 
which were atypical of ischaemic heart disease. The remaining two patients both had diffuse left 
ventricular hypokinesia, with a focal abnormality that was most pronounced in the anteroapical 


region; this pattern is often seen with coronary disease. 

The recognition by echocardiography or angiography of focal abnormalities of wall motion 
affecting the basal portion of the ventricular septum should suggest the possibility of myocardial 
sarcoidosis even in the absence of recognised systemic manifestations. 


Focal abnormalities of left ventricular wall motion 
are uncommon except 1n coronary artery disease in 
which the distribution is dependent on coronary 
artery anatomy. It 1s therefore unusual to find wall 
motion abnormalities localised to the basal part of 
the septum with sparing of the apical portion. This 
report of five cases shows that although sarcoid 
granuloma can occur anywhere in the heart a pattern 
of fibrosis distinct from coronary disease may be 
recognised by echocardiography and angiography. 


Patients and methods 


We studied five men aged 29, 36, 37, 45, and 46 
years. One was black and the remainder were white. 
Systemic sarcoidosis had been diagnosed because at 
least two organ systems were affected and there was 
either positive lymph node histology or a Kveim 
test. All patients underwent cardiac catheterisation, 
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coronary angiography, and cross sectional echo- 
cardiography. Three patients shared several clinical 
characteristics. None of these three had clinical evi- 
dence of heart failure. All had normal physical ex- 
amination, normal laboratory indices of bone 
marrow, renal, and hepatic function. All had left an- 
terior hemiblock and right bundle branch block. 
Left ventricular end diastolic and pulmonary artery 
pressures were normal and there was no disease of 
the major epicardial coronary arteries. The table 
summarises the investigations that were performed 
to assess disease activity and distribution. 

In patient 1 systemic sarcoidosis was not diag- 
nosed during life. He presented with a two year his- 
tory of palpitation and ventricular tachycardia 
associated with syncope and evidence of a 
progressive conduction system disturbance. During 
cross sectional echocardiography from the para- 
sternal long axis-view (fig la) the basal part of the 
ventricular septum was thin and akinetic with in- 
creased echo reflectivity and paradoxical systolic 
motion. The same abnormality was seen in serial 
short axis views at the level of mitral valve and papil- 
lary muscle (fig 2). T'he apical third of the ventricu- 
lar septum, the posterior wall of the ventricle, and 
the right ventricular free wall were normal. Left 
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Table 


Investigations to assess activity and extent of sarcoidosis 


—————————————————— ——————— MÀ 








Panent 1 Patient 2 Patient 3 Patient 4 Patien 
ESR 4 10 8 70 ) 
SACE ND 33 88 58 ND 
Gallium uptake ND Normal Matched uptake in left ND ND 
lung hilum, and 
paratracheal arca 
Thallium uptake* Septum and ND Septum Anteroapical and ND 
free wall free wall 
Chest x ray Recurrent Normal Hilar Hilar Hil 
pulmonary lymphadenopathy, lymphadenopathy had 
infiltrates pulmonary infiltrates 
Cardiothoracic 
ratio 19/30 15/30 14/28 20/30 18 
Pulmonary ND Normalt Decreased lung volumes Decreased lung volumes Norn 


function tests 


and gas transfer 


and gas transfer 


ss 


* Thallium scans showed decreased uptake during exercise without recovery in the designated areas 
* At diagnosis chest x ray showed right hilar lymphadenopathy and a right apical infiltrate 


SACE, serum angiotensin I converting enzyme (normal range 


ventricular angiography in the right anterior oblique 
projection (fig 3a) showed poor contraction of the 
anterobasal and posterobasal segments whereas the 
apical segments contracted normally. Coronary 
angiography was normal. Endocardial resection for 








Fig ! 
long axis views in patients 1(a) and 3(b) showing thinning of 
the basal portion of the ventricular septum, which was 
pronounced in patient 1. 


Echocardiographic appearances in the parasternal 


16-53 units/ml); ND, not done; ESR, erythrocyte sedimentatior 


resistant ventricular tachycardia was complicated b 
a low output state and the patient died during oj 
ation. 

At necropsy the heart weighed 583g 
ventricular septum thick 
fibrous tissue (fig 4) that extended into the basa 
of the posterior wall. This mirrored the 
cardiographic and angiographic appearances. Hist 
logical examination confirmed replacement of 
part of the septum by dense fibrous tissue. T} 
mainder of the myocardium showed focal scart 
with an occasional giant cell but no granuloma 
Typical sarcoid granulomas were, however, pre: 
in the lungs, spleen, mediastinal lymph node 
liver. 

In patient 2 sarcoidosis of the heart had been diag 
nosed 10 years earlier when he presented witl 
supraventricular and ventricular  arrhythmi 
progressive conduction disturbance, and pulmonar 
sarcoidosis (table). He was referred for 
ventricular arrhythmias that had failed to impro 
on increasing doses of steroids. Cross sectional ecl 
cardiography in the parasternal long axis view (fig 
showed that the basal portion of the ventricular 
tum was thin, akinetic, and aneurysmal, and clea 
protruded into the right ventricle in systole, whil 
the apical part was of normal thickness and 
tracted normally. This focal ventricular abnormalit 
was also seen in short axis views at the level of mit: 
valve and papillary muscle (fig 6). 
was seen to be contracting normally. Angiograph 
examination showed that the basal part of tl 
ventricle was dilated and aneurysmal and the 
portion contracted normally (fig 3b). He was trea 
with mexiletine and amiodarone. Ventricular 
rhythmia was inadequately controlled and he d 
suddenly. At necropsy the heart weighed 500 g. T} 
basal two thirds of the ventricular septum was tl 


The b 


was and replaced 


contro! 


The cardiac apex 
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and extensively replaced by fibrous tissue that ex- 
tended into the basal part of the posterior wall. Else- 
where the myocardium appeared to be normal and 


no granulomas were found in histological sections of 


the heart. Examination of the lungs, mediastinum, 
liver, and spleen showed extensive replacement of 
the normal tissue by the typical non-caseating gran- 
uloma of sarcoidosis 

Patient 3 was known to have had pulmonary sar- 
coidosis for 14 years before his presentation with 


Echocardiographic appearances in the short axis 

a), papillary 
There was no systolic thickening of 
the septum at the mitral and papillary muscle level. In 
contrast apical contraction was normal. 


Fig 2 
views in patient | at the level of mitral valve 


muscle (b), and apex (c 





syncope, complete heart block, and a soft systolic 
murmur at the apex. Echocardiography from the 
parasternal long axis view (fig 1b) showed that the 
ventricular septal dimension was within normal lim- 
its, but in its basal portion the septum was akinetic 
and showed increased echo reflectivity. The apical 
third of the ventricular septum, posterior wall, and 
right ventricular free wall were normal. The short 
axis views (fig 7) at the level of the mitral valve also 
showed the same akinetic and echo-dense ventricu- 
lar septum which was of normal dimensions at the 
level of the mitral valve, but at the papillary muscle 
level the septum was thin and akinetic. Appearances 
were norma! at the level of the apex. Left ventricular 
angiography showed mild impairment of 
traction of the basal portion of the left ventricle with 
mild mitral regurgitation (fig 3c). A biopsy specimen 
of the right ventricle contained epitheloid giant cells 
and fibrous granulomas characteristic of sarcoidosis. 
The patient has been symptom free after the in- 
sertion of a permanent pacemaker. 

The clinical features and mode of presentation 
were different in the remaining two patients. Patient 
4 presented with an acute systemic illness character- 
ised by fever, high erythrocyte sedimentation rate 
70 ml/h), hilar lymphadenopathy, and congestive 
cardiac failure. There were Q waves on the electro- 
cardiogram that simulated anterior myocardial in- 
farction. Echocardiography showed septal hyper- 
trophy and mild global hypokinesia and there was a 
fixed thallium perfusion defect of the anteroapical 
region of the left ventricle. Angiographic exam- 
ination of the left ventricle showed a considerable 
increase in end systolic volume with extensive 
anteroapical akinesia, and hypokinesia of the re- 
mainder of the ventricle. The result of coronary ar- 
teriography was normal. A biopsy specimen of the 
myocardium showed diffuse interstitial fibrosis but 
no granulomas, and the diagnosis of sarcoidosis was 
based on a biopsy specimen of the mediastinal 
lymph nodes. 

Patient 5 presented with ventricular tachycardia 
and no evidence of congestive cardiac failure. An 
electrocardiogram showed T wave inversion in the 
inferior and lateral leads and voltage criteria that 
were characteristic of hypertrophy of the left ventri- 
cle but no conduction abnormality. Cross sectional 
echocardiography showed global hypokinesia, 
which was confirmed by angiography, with akinesia 
and calcification of the apex. The haemodynamic 
function of the right and left heart and the results of 
coronary arteriography were normal. A biopsy 
specimen of the myocardium showed diffuse inter- 
stitital fibrosis only. Systemic sarcoidosis was diag- 
nosed on the basis of bilateral hilar lymph- 
adenopathy and a positive Kviem test. 


con- 
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Fig3 Left ventricular angiograms of patients 1, 2, and 3 (a,b, and c respectively) in systole (right) and diastole 
left) in the right anterior oblique projection, showing impaired contraction of the base of the heart, which is most 
pronounced in patient 2. 
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Fig4 Echocardiographic and 
necropsy appearances of the heart in 
patient 1 as seen from the short axis 





vies at the level of the papillary 
kinetic 


septum, which is replaced by fibrous 





muscles, showing the thin and 


tissue 
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Systole 











Diastole 


Fig5 Long axis views of systolic and diastolic frames in patient 2. 


Discussion 


Sarcoidosis is a multisystem granulomatous disorder 
of unknown cause. The frequency of clinical cardiac 
involvement in patients with systemic sarcoidosis is 
low (1:5?,).' ? Most (80% ) patients with cardiac sar- 
coidosis have conduction disturbance or 
arrhythmia? * and/or impaired cardiac function 
(31*,).5 ^? Patients have also presented with mitral 
stenosis caused by leaflet granuloma!? or with mitral 
regurgitation caused by infiltration of the papillary 
muscle.'! In patients with cardiac sarcoid the risk of 
sudden death is considerable.* An additional 23°, of 
patients with systemic sarcoidosis will have isolated 
sarcoid granulomas that are detectable only by histo- 
logical examination of the heart! but the proportion 
of positive cases probably varies with 
the extent to which the myocardium is sampled at 
necropsy. 

'The wide range of clinical manifestations of car- 
diac sarcoidosis evident from this report of five cases 





is consistent with the varied distribution 
phological features of the abnormalities. In 
who die in the active phase of myocardial sarcoid 
granulomas may either be distributed ever 
throughout the myocardium or occur as a localis 
mass, commonly in the basal portion of the ventric 
lar septum.**'? The frequency of sudden 
reflects the high risk that the conduction system v 
be affected in both the focal and diffuse forms 
This acute phase of myocardial sarcoidosis w 
solve either as diffuse interstitial fibrosis of the m 
cardium and a generalised hypokinesia of 
ventricle or as a localised fibrous scar with foc: 
traction abnormalities. Diffuse fibrosis is diffi 
distinguish from dilated cardiomyopathy 
lesions may also be difficult to distinguish in lif 
from ischaemic heart disease but the lesion 
basal portion of the septum in cases 1-3 is in ar 
usual site for old infarction and is typical of sar« 
osis. For these reasons and because of the presen 
of normal coronary arteriograms the scars in patient 
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Fig 6 


Short axis views in patient 2. Legend as for fig 2 


taken to indicate healed sarcoidosis 
though no active granulomas were found in the 
myocardium. 

The acute and more chronic forms of myocardial 
sarcoid have been linked to four histological pat- 
terns.!? An exudative type (lymphocytic infiltration 
with oedema) and a granulomatous type (granu- 
lomata with epithelial cells) are associated with sys- 
temic disease and characterised by a subacute course 


1-3 were 


Fig 7 Short axis views in patient 3. Legend as for fig 2 


with clear clinical evidence of multi-organ in- 
volvement. The chronic fibrous types (with and 
without g:ant cells) are associated with the chronic 
insidious course seen in cases 1-3. The papillary 
muscles and right ventricle are also commonly found 
to contain granulomas at necropsy. Case 3 had clin- 
ical and echocardiographic evidence of papillary 
muscle dysfunction as well as right ventricular in- 
volvemen- and typical granulomas were found in 
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biopsy specimens of the right ventricle. 
"The use of steroids in cardiac sarcoid has not been 
systematically evaluated. Retrospective analysis, 


however, suggests that steroids promote healing of ` 


granulomas but the concomitant development of 
fibrous tissue may be complicated by aneurysm 
formation‘; this is an otherwise rare complication. 
Patients 2 and 3 received long term corticosteroid 
treatment. Both showed thinning of myocardial seg- 
ments. In patient 2 there was an intracardiac an- 
eurysm of the basal septum that bulged into the 
outflow tract of the right ventricle; at necropsy this 
segment was found to be replaced with fibrous tis- 
sue. Though granulomas were detected in other or- 
gans they were not found in the heart. Patient 1 also 
had myocardial thinning caused by fibrous tissue re- 
placement and multiple organ granulomas but no 
cardiac ones. He had not been given steroids, how- 
ever. These findings are consistent with published 
reports which suggest that steroids promote healing, 
which may be complicated by, the development of an 
aneurysm. They also indicate that steroids are not a 
prerequisite for such a course and they raise the 
question of the usefulness of steroids once myo- 
cardial thinning and aneurysm have developed. 

Patient 2 had refractory ventricular arrhythmia 
and died suddenly. Patients are usually only referred 
for transplantation when poor and deteriorating left 
ventricular function and the ensuing shortness of 
breath, fatigue, and oedema indicate that they will 
die soon. Referral for transplantation is much more 
difficult and therefore less often acted upon when 
life threatening arthythmia cannot be controlled. 
The argument for transplantation is more cogent if 
the arrhythmia is caused by a process which itself 
may be advancing, such as cardiac sarcoidosis. We 
considered transplantation in patient 2 but did not 
act upon it immediately. His death was sudden but 
predictable. Hearts have been successfully trans- 
planted into patients with cardiac sarcoidosis!^ but 
we delayed too long. - 

Our index patient, patient 1, had conduction dis- 
turbance and ventricular tachycardia in the absence 
of recognised systemic sarcoidosis. The diagnosis of 
cardiac sarcoid is seldom missed when this constel- 
lation of changes coexists with systemic sarcoidosis. 
In the absence of systemic, sarcoid these cardiac ab- 
normalities are not specific and are more likely to 
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have other causes. The focal abnormality of wall 
motion localised to the basal portion of the ventricu- 
lar septum that we described is unusual in coronary 
artery disease and should suggest the diagnosis of 
cardiac sarcoid even when there are no systemic 
changes. 


We are grateful to Professor John F Goodwin for 
permission to publish details of case 1. 


References 


1 Silverman KJ, Hutchins GM, Buckley BH. Cardiac 
sarcoid: a clinicopathological study of 84 unselected 


patients with systemic sarcoidosis. Circulation 
1978,58:1204-11. 

2 Fleming HA. Sarcoid heart disease. Br Heart 7 
1974;36:54—68. 


3 Lie JT, Hunt D, Valantine PA. Sudden death from 

cardiac sarcoidosis with involvement of the conduc- 
. -tion system. Am 7 Med Sca 1974;267:123-8. 

4 Lull RJ, Dunn BE, Gregoratus G, Cox WA, Fisher 
GW. Ventricular aneurysm due to cardiac sarcoid- 
osis with surgical cure of refractory ventricular 
tachycardia. Am J Cardiol 1972;30:282-7 

5 Roberts WC, McAllister HA, Ferrans VJ Sarcoidosis 
of the heart. A clinicopathologic study of 35 necropsy 
patients (group I) and review of 78 previously de- 
scribed necropsy patients (group II). Am ¥ Med 
1977;63:86-108. 

6 James TN. De Subitaneis Mortibus. XXV. Sarcoid 
heart disease. Circulation 19773;56:320-6. 

.7 McTaggart DR. Sarcoidosis with cardiac involvement. 
Med f Aust 1973;11:689-90. 

8 Miller A, Jackler I, Chuang M. Onset of sarcoidosis 
with left ventricular failure and multisystem in- 
volvement. Chest 1976;70:302-4. 

‘9 Ahmed SS, Rozefort R, Taclob LT, Brancato RW. De- 
velopment of ventricular aneurysm in cardiac sar- 
coidosis. Angiology 1977;28:323-9. 

10 Fitchett DH, Oakley CM. Granulomatous mitral valve 
obstruction. Br Heart 7 1976;38:112-6. 

11 Raftery EB, Oakley CM, Goodwin JF. Acute subvalvar 
mitral incompetence. Lancet 1966;11:360—5. 

12 Ghosh P, Fleming HA, Gresham GA, Stovin PGI. 
Myocardial sarcoidosis. Br Heart F 1972;34:769-73. 

13 Matsu Y, Iwai K, Tachibana T, er al. Clin- 

d icopathological study of fatal myocardial sarcoidosis. 
Ann NY. Acad Sci 1976;278:455—69. 

14 Gokel JM, Reichart B, Struck E. Human cardiac 
transplantation—evaluation of morphological 
changes in serial endomyocardial biopsies. Pathol Res 
Pract 1985;17:354—64. 


Br Heart F 1987,57:264—9 


Quantitative structural analysis of collagen in 
chordae tendineae and its relation to floppy mitral 
valves and proteoglycan infiltration 
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SUMMARY Imbibition analysis, a polarised light microscopy technique, was used to examine the 
molecular organisation of collagen in normal and diseased mitral valve chordae tendineae. A 
single strut chorda from each of 23 valves (14 from necropsy specimens and nine from valve 
replacement surgery) was studied. The degree of molecular organisation of collagen in unstained 
7 um sections of the chordae was assessed by measuring the retardation of polarised light by the 
sample. Sections from each tendon were examined, after staining with Movat's pentachrome, for 
the presence of proteoglycan infiltration and classified as normal or abnormal on that basis. The 
imbibition analysis results were grouped accordingly. The retardation in the collagen in the seven 
chordae with proteoglycan infiltration was significantly lower than in the 16 normal chordae, 
indicating decreased molecular organisation. Five of the seven abnormal chordae with pro- 
teoglycan infiltration and decreased retardation were from patients with floppy mitral valves; the 
other two were from normal necropsy specimens. 

Although proteoglycan infiltration may not be a specific marker for floppy valve disease, its 
presence is associated with decreased molecular organisation of collagen in the chordae. 
Degradation of the ground substance bound to the collagen is the most plausible explanation for 


the measured optical changes. 


The widespread occurrence of floppy mitral valves 
has provoked much interest, both in its clinical 
aspects and in the pathological process(es) that cause 
it. No single defect, however, has been identified as 
the main factor causing floppy valves. Since Read 
etal first observed mitral prolapse and introduced 
the term floppy valve,! there have been many sug- 
gestions regarding the nature of the abnormality. 
One histological feature that is frequently associated 
with floppy valves is the presence of large aggregated 
amounts of proteoglycans (often called myxomatous 
infiltration). The accumulation of proteoglycans was 
first thought to be the primary lesion in floppy 
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valves. However, myxomatous change is not seen in 
every floppy valve and may also be found in valves 
without clinical manifestation of the condition.? 
Based on their morphological and histological study 
of mitral valves, King eral proposed that collagen 
dissolution in the valves and chordae tendineae was 
the basic pathological process.? They did not, how- 
ever, identify the exact nature of the collagen dis- 
solution. Genetic collagen abnormalities such as 
Marfan syndrome? and the various types of Ehlers- 
Danlos syndrome* have also been associated with 
floppy valves, but the nature of this relation remains 
unclear. Hammer et al suggested that the collagen in 
the valve apparatus was abnormal because of an 
absence of zype III and type V collagen," but this 
conclusion was based on the study of a single mitral 
valve with ruptured chordae. A later study by Lee 
et al, with a larger sample size, showed no difference 
in the collagen type composition of normal and 
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floppy valves. Henney et al found that there was an 
increased synthesis of collagen in the valve com- 
plex." Others, however, have reported evidence for a 
breakdown in the normal collagenous structure of 
the chordae.® ° These groups used electron micros- 
copy to demonstrate extensive degradation of the 
collagen in ruptured: chordae, which they suggested 
could be due to enzyme activity. Guthrie and 
Edwards proposed that chordal elongation observed 
in mitral valve prolapse was the result of abnormal 
chordal tension caused by the prolapsing leaflet.!° 
This seems unlikely unless the collagen in the chor- 
dae was also abnormal, since mechanical testing has 
shown that normal chordae are relatively stiff at 
strain values above 1595.1! 

The one factor common to these proposals is that 
collagen structure is a key element in floppy valves. 
Since the above studies did not reveal a consistent 
abnormality of collagen fibre structure the; problem 
could be at the molecular level. We used imbibition 
‘ analysis, a polarised light microscopy technique, to 
examine the molecular organisation of collagen in, 
the chordae tendineae of normal and floppy mitral 
valves. This method exploits the anisotropic mol- 
ecular organisation of collagen, which makes it 
birefringent and hence visible in the polarising 
microscope. Changes in molecular organisation that 
would not be seen-with ordinary light microscopy 
can be observed and quantified by the use of 
polarised light. 


Patients and methods 


A single randomly selected strut chorda was 
removed from each of 23 mitral valves. Of these 
specimens, 14 (eight from men and six from women) 
were obtained at necropsy from patients who had 
died from non-cardiac causes (age range 26~92), and 
nine (five men, four women) came from patients 
undergoing valve replacement for mitral valve dis- 
ease (age range 58-81). In the latter group, the clini- 
cal diagnosis was floppy valve disease in six patients 
and rheumatic mitral valve disease in the remaining 
three. 

Each of the selected chordae tendineae was fixed 
in 10% neutral buffered formalin. The chordae were 
processed for paraffin embedding and then sectioned 
longitudinally at a thickness of 7 um. Longitudinal 
sectioning resulted in the collagen fibres lying in the 
plane of the section. The sections were mounted on 
strain free glass slides. Immediately before mount- 
ing the slides were smeared with albumin fixative, 
which helped the section adhere to the slide during 
the measuring procedures. Sections from each of the 
chordae were then examined by the following 
techniques. A i 
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IMBIBITION ANALYSIS 

Theory 

When linearly polarised light enters a material such 
as collagen, which has an anisotropic molecular 
organisation, the light is resolved into two rays 
(called the ordinary and extraordinary rays) that are 
polarised in mutually perpendicular planes.!? This 
property of birefringent materials forms the basis of 
the method of examining molecular organisation. 
The two rays travel at unequal velocities, because of 
the anisotropy of the tissue, and a phase difference 1s 
therefore introduced between them. The difference 
in the two velocities depends on the molecular 
organisation of the material. Hence, by measuring 
the retardation produced, which is proportional to 
the phase difference, the molecular organisation 
of different samples may be compared. The 
retardation, I’, is given by the formula, F = t (n. — 
no). (equation 1),!? where t is the section thickness 
and n, and n, are the refractive indices of the two 
rays. The term (n. — n4) is called the intrinsic 
birefringence and is a characteristic property of the 
tissue. The measured retardation may be altered by 
staining and is also dependent on orientation. 
"Therefore, to ensure that the retardation was solely 
due to the intrinsic molecular organisation of the 
collagen itself, we studied unstained sections. To 
eliminate orientation effects the chordae were sec- 
tioned longitudinally so that the collagen fibres lay 
in the section plane. 

Form  birefringence also contributes to 
retardation. Form birefringence arises from the 
difference in refractive index between the material 
being studied and the surrounding medium. The 
contribution of form birefringence (n, — no)r to the 
retardation is given by (ni? — n3;?)?F (equation 2), 


. Where n, is the refractive index of the material, n; 


the refractive index of the mounting medium, and F 
is a form factor,!? which depends on volume frac- 
tions of the different components and the shape of 
the fibres. The mathematics developed to calculate F 
assume that a two component system is being 
studied—that is the surrounding or imbibing 
medium and the material. Because of its bound 
ground substance collagen is a more complex system 
and the equations cannot be rigorously applied. 
However, when n; = nz the form birefringence will 
be zero regardless of the value of F, and so only the 
intrinsic birefringence will contribute to the 
retardation. Therefore, if retardation in collagen is 
measured in a series of different media with different 
refractive indices the retardation at the minimum 
value on the graph in which retardation is plotted 
against refractive index will be proportional to the 
intrinsic birefringence, and hence will be related to 
the molecular organisation. This procedure is called 
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Table The media used in the imbibition analysis and their 
refracttve indices 











Imbibing medium Refractrve index 
Water 133 
20% glycerol 136 
40% glycerol 1-39 
60% glycerol 1-42 
80% glycerol 144 
100% glycerol 1 46 
oil 148 





imbibition analysis and graphs of retardation versus 
refractive index are called form birefringence 
curves. 


Measuring procedure 

Retardations were measured by the method of de 
Sénarmont.!? A Nikon Optiphot-pol microscope 
with a 40x objective, a quarter wave plate, and a 
monochromatic light source (4 — 546nm) were 
used. The sections were first cleared of embedding 
wax with xylene, then washed and soaked in water 
until the tissue was fully imbibed—that is further 
soaking produced no change in retardation. The 
time required to achieve this state was one hour.'* 
The slide was then removed from the water and a 
coverslip was placed over the section to prevent it 
from drying. For each section, the retardation of the 
collagen was measured at ten different locations in 
the tendon and an average was calculated. The cov- 
erslip was then removed, the section was imbibed in 
another fluid with a higher refractive index, and the 
retardation measured as before. This process was 
repeated through a series of imbibing media with 
successively higher refractive indices. The media 
‘used are listed in the table with their refractive indi- 
ces (measured by an Abbe refractometer). We were 
guided to our choice of imbibing fluids by the work 
of Vidal.!? Form birefringence curves were drawn 
for each of the samples. The results from the 
imbibition analysis were compared by means oft 
tests. 


Picrosirius red staining 

Sections from each of the 23 chordae were stained 
with picrosirius red,!$ which is specific for collagen 
when used with polarised light.!^ In 7 um sections, 
normal type I collagen fibres appear orange or red, 
while thinner degraded collagen fibres will appear 
yellow or green.!? This stain has previously been 
used to demonstrate collagen degradation by bacte- 
rial collagenase ın sections of cirrhotic liver’? and by 
leucocytes in the cervix during parturition.?° The 
sections of chordae tendineae were examined for the 
presence of yellow or green fibres. 
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Pathological classification 

Sections of the 23 chordae were stained with hae- 
matoxylin and eosin and with Movat’s pentachrome 
stain, which contains alcian blue (pH 2:9)—a stain 
used to demonstrate the presence of proteoglycans. 
Each of the haematoxylin and eosin and Movat’s 
pentachrome stained sections were examined with- 
out knowledge of their source by one of us (DGP) 
for evidence of proteoglycan infiltration. Each of the 
chordae was then classified as being normal or 
abnormal on the basis of the presence of 
proteoglycan infiltration. 


Results 


The results from the imbibition analysis were 
divided into “normal” and “abnormal” groups 
according to the histological classification. The aver- 
age form birefringence curve for each group was 
then calculated (fig 1). The retardation values for the 
normal group were significantly higher than for 
those that showed proteoglycan infiltration (p « 
0-05). For both curves the minimum retardation 
occurred in the pure glycerol solution, correspond- 
ing to a refractive index of 1 46, which agrees with 
the findings of others on tendon collagen!? ?! ?? and 
also with findings from studies of myocardial scar 
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Fig2 The intrinsic birefringence of the collagen from the 
normal chordae (group 1) and those showing proteoglycan 
infiltration (group 2). Mean (SE) 1s shown for both groups. 
The intrinsic birefringence was significantly higher 

(p < 0-001) in the normal tendons. 


and arterial collagen.!* We used the minimum 
retardation to calculate (equation 1) the intrisic 
birefringence of the collagen in each of the chordae 
(fig2). The average intrinsic birefringence of the 
abnormal chordae was significantly lower (p < 
0-001) than that of the normal chordae. Two chordae 
showed regions of, collagen degradation when 
stained with picrosirius red—that is some of the 
fibres appeared green when viewed with polarised 
light. These regions had been deliberately avoided 
in the imbibition analysis measurements. Both of 
these chordae also had proteoglycan infiltration. 
Figure 3 shows the correlation of the histological 
findings with the necropsy and surgical reports. Of 
the 16 chordae identified as having no evidence of 
proteoglycan infiltration, five were obtained at the 
time of replacement surgery and the remaining 11 


14 from necropsy 


Histological appearance 11 normal 


(clinical assessment) 
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were from necropsy samples. The surgical reports 
and the gross pathological descriptions of the sur- 
gical specimens from this group showed that three 
were from stenotic mitral valves and two were from 
valves with features compatible with floppy valves. 

Of the seven chordae that showed proteoglycan 

infiltration, four were from surgical specimens all of 
which had been identified as floppy valves and the 
other three were from necropsy specimens. The 
pathological report on one of the latter described the 
specimen as being a floppy valve. 
. In summary, collagen in all of the sections with 
proteoglycan infiltration had lower intrinsic 
birefringence values than sections with no pro- 
teoglycan infiltration. This indicates that at the 
molecular level collagen in such sections is less 
organised than normal. 


Discussion 


We chose chordae tendineae rather than the mitral 
valve leaflets themselves for this study because col- 


-lagen fibres in the chordae are highly aligned. In 


valve leaflets collagen fibre organisation is multi- 
directional. Since retardation is dependent on orien- 
tation it is difficult to ensure that the true retardation 
is measured when the fibres do not lie in the section 
plane. 

- Involvement of mitral chordae in the myxomatous 
process is known to be variable, and the finding of 
some normal chordae in patients with floppy valves 
is to be expected, especially since we were only able 
to obtain a single tendon from each valve. Also, 
localised myxomatous change has been found in 
otherwise unremarkable valves.” ?? 

_The molecular organisation of the collagen in the 
chordae tendineae will influence their mechanical 
properties. The imbibition analysis technique was 
used to examine that molecular organisation. It is a 
well established technique in ultrastructure 
research?* and in particular has been used to study 
the changes occurring in the molecular organisation 
of collagen in the healing and ageing of rat Achilles 
tendon.^!?5 The significant lower intrinsic 
birefringence values of collagen in the chordae that 
showed. proteoglycan infiltration indicated less 
molecular organisation in these chordae. There are 


Source of chordae 


9 from surgery 
3 abnormal 5 normal 4 abnormal 
(1 floppy) (3 stenotic) (all floppy) 
. . (2 floppy) 


Fig3 Correlation of the histological findings on the chordae tendineae with the necropsy and surgical reports. 
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several possible explanations for this. Firstly, the 
collagen in the abnormal chordae could be imma- 
ture. Mello et al have shown that immature collagen 
has a lower intrinsic birefringence that normal col- 
lagen.?5 Thus our results could be interpreted to 
mean that the abnormal chordae were composed 
entirely of immature collagen. This seems unlikely 
because Doillon et a] have shown that around 90 
days of age maturing collagen attains retardation 
values comparable to those of mature collagen.^* 
This would mean that the abnormal chordae were 
composed of collagen less than three months old. It 
1$ difficult to imagine how this situation could occur. 
The finding of Cole et al of increased production of 
collagen and  glycosaminoglycans, plus cell 
proliferation in the valve? does, however, suggest 
that a repair process 18 occurring. A repair process 
might be associated with tbe presence of immature 
collagen and this could be partially responsible for 
the lower intrinsic birefringences observed. Imma- 
ture collagen is more extensible and weaker than 
mature collagen?® 79; therefore, its presence might 
enable the valve leaflets to prolapse into the atrium. 

The second possible explanation is that the altered 
intrinsic birefringence was due to collagen 
degradation. This would also lead to increased 
extensibility and a decrease in the tensile strength. 
In vivo such a change could result in increased 
chordal strain at any given stress, causing the chor- 
dae to lengthen and the valve cusps to prolapse into 
the atrium. With extensive collagen degradation, 
chordal rupture could occur. Obvious collagen 
degradation was seen in only two of the abnormal 
samples when they were stained with picrosirius red, 
but since this method is dependent on collagen fibre 
diameter!® it may not be able to detect the early 
stages of degradation. 

The third possible explanation, and the one that 
appears most plausible, is that the initial degradation 
does not involve the collagen per se but rather repre- 
sents the removal of ground substance bound to the 
collagen fibre. It has been shown that proteoglycans 
are bound by collagen fibres 1n an organised manner, 
which contributes to the birefringence.!5?? There- 
fore, 1f the ground substance is removed from the 
collagen the intrinsic birefringence would decrease. 
The proteoglycan “pools” characteristic of myxo- 
matous infiltration could be regions in which the 
removed proteoglycans accumulate. Removal of 
ground substance bound to the collagen could also 
explain the difference in the shape of the form 
birefringence curves. The slope of the curve for the 
normal chordae was steeper than that for the abnor- 
mal chordae. Although further experiments would 
be required to determine the importance of these 
changes, the shape of the curve for the abnormal 
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chordae is similar to those reported by Vidal, who 
used enzymes to remove bound ground substance 
from normal rat Achilles tendons.?? Ground sub- 
stance is known to play an important role in the 
mechanical properties of tendons.?? Treatment of 
human Achilles tendon with « amylase (which 
removes structural glycoproteins from collagen) has 
been found to cause a substantial reduction (up to 
38%) in breaking strength and an increase in exten- 
sibility.?? In chordae tendineae, this effect would 
allow the chordae to extend and the valve cusps to 
prolapse. 

In summary, our results indicate that, although 
proteoglycan infiltration may not be a specific 
marker for floppy valves, 1ts presence is associated 
with evidence of degradation of the collagenous 
matrix. This finding agrees with the opinion of King 
etal? and suggests that the extent of valvar 
involvement in this process is likely to be a major 
factor in determining the functional effect. It is yet 
to be determined whether it 1s the collagen itself that 
is degraded or whether it is the ground substance 
that is removed from the collagen. The polarised 
light technique of imbibition analysis provided data 
not obtainable by the scanning electron microscopy 
studies that have been used to investigate the ultra- 
structure of floppy mutral valves. 
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Treatment of primary pulmonary hypertension with 
intravenous epoprostenol (prostacyclin) 


D KEVIN JONES, 1. TIM W HIGENBOTTAM,f JOHN WALLWORK* 


From the Departments of Surgery* and Respiratory Physiology,T Papworth Hospital, Papworth Everard, 
Cambridge 


SUMMARY Ten patients with severe primary pulmonary hypertension and pronounced disability 
who were unresponsive to oral vasodilators were treated with intravenous epoprostenol (pros- 
tacyclin). All had been referred for heart and lung transplantation. Short term administration of 
epoprostenol (mean dose 5:5 ng/kg/min) increased the mean cardiac index from 1:8 to 2:2 
l/min/m?, improved pulmonary artery oxygen saturation from 48% to 57%, and increased calcu- 
lated tissue oxygen delivery from 10 to 11-8 ml/kg/min. The mean pulmonary vascular resistance 
fell by 18% while mean systemic artery pressure fell by 32%. Pulmonary artery pressure rose in 
only two patients. Continued intravenous infusion of epoprostenol for 1-25 months was associ- 
ated with subjective and clinical improvement. Exercise tolerance improved as measured by an 
increase in the maximum rate of oxygen consumption during progressive exercise testing. In 
those six patients who were able to exercise before treatment it rose from a mean of 7 to 15 
ml/kg/min. Those who had been unable to exercise before treatment achieved comparable rates 
of oxygen consumption after treatment. Two patients died on treatment, three have undergone 
heart-lung transplantation, and in five the treatment is continuing. Complications included epi- 
sodes of septicaemia and ascites. 

In this uncontrolled study of patients with severe pulmonary hypertension epoprostenol 
seemed to offer a means of optimally dosing the patients with a vasodilator to reduce pulmonary 
vascular resistance and thus increasing cardiac output and oxygen tissue delivery. There was no 
evidence to suggest that this treatment influenced the progress of the disease. 


Primary pulmonary hypertension is defined as pul- 
monary arterial hypertension of unknown cause, ! 
and has been shown to be associated with three 
distinct pulmonary diseases?: pulmonary veno- 
occlusive disease, which can have characteristic 
clinical features,? so called recurrent throm- 
boembolism; and plexogenic arteriopathy. Most 
clinicians regard plexogenic pulmonary arteriopathy 
as true primary pulmonary hypertension but it 
can be difficult to distinguish this disease from 
thrombotic pulmonary hypertension on the basis of 
clinical or haemodynamic variables.* Primary pul- 
monary hypertension has a poor prognosis and no 
treatment has been shown to reverse its progress.? 


Requests for reprints to Dr Tim W Higenbottam, Department of 
Respiratory Physiology, Papworth Hospital, Papworth Everard, 
Cambridge CB3 8RE. 
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Oral vasodilator treatment can reduce the increased 
pulmonary vascular resistance and increase the low 
cardiac output characteristic of the disease,” and 
sustained clinical improvement has been reported in 
a small proportion of patients. Such treatment can 
also produce severe and refractory systemic hypo- 
tension.?? 

An intravenous infusion of epoprostenol (pros- 
tacyclin) induced short term pulmonary yaso 
dilatation in primary pulmonary hypertension. ° 
Because of its short half life, the dose can be titrated 
to produce a desired haemodynamic effect and any 
adverse effects are reversed immediately by discon- 
tinuing the infusion. It is a safe agent to use for the 
initial testing of a patient’s responsiveness to a 
vasodilator!’ but it has not been used on a long term 
basis because no oral preparation is available. We 
have previously shown that long term treatment of 
primary pulmonary hypertension can be achieved 
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Table 1 Data on 10 patients with primary pulmonary hypertension 


— MM M———ÓM—MÀ— — 


Duration Time 
of since 
symptoms diagnosis Climcal severity of 
Panent Sex Age (yr) (months) (months) disability Drug treatment Biopsy specimen 
1 F 28 . 78 8 Confined to hospital ward Spironolactone 100 mg daily Plexogenic 
5 Frusemide 160 mg daily arteriopathy 
Continuous oxygen 
arfarm 
2 F 38 16 12 Confined to hospital ward Digoxin Thrombotic 
Spironolactone 100 mg daily pulmonary 
Frusem 80 mg daily hypertension 
oen 5 mg daily 
18 h/day 
Warfarin 
3 F 21 14 10 Unable to walk 300 m Warfarm Thrombouc 
pulmo: 
hypertension 
4 F 38 60 4 Unable to walk 200 m Bumetanide 2 mg daily Plexogenic 
Oxygen at night arteriopathy 
arfarin 
5 F 39 12 2 Unable to climb one flight Nil Plexogenic 
of stairs arteriopathy 
6 M 24 16 15 Unable to walk 100 m Digoxin NA 
Lg Warfann 
Cyclopenthiazide 0 1 mg daily 
7 M 17 23 3 Confined to a wheelchair Digoxin NA 
Cs nide 
` Wi 
8 F 32 48 40 Confined to a wheelchair Oxygen NA 
Digoxin 
Frusemide 80 mg daily 
Warfarin 
9 M 34 5 1 Unable to walk 300 m Warfann ' z : NA 
10 M 32 31 21 Unable to walk 50m Frusemide 80 mg daily Thrombotic 
. Amuloride 10 mg daily P 
Warfarin hypertension 





NA, not available. 
with intravenous epoprosteriol! ! and we now report 
on the successes, problems, and failures of this treat- 
ment in ten patients, including our original patient. 


Patients and methods 


PATIENTS , 

Ten patients diagnosed as having primary pul- 
monary hypertension were seen at our unit between 
November 1982 and January 1985. The six women 
and four men (mean age 30 years) had had symptoms 
for an average of 30 months and the mean time since 
diagnosis was 6 months. All were severely disabled 
by breathlessness and fatigue. Table 1 shows details 
of the individual patients. Five patients had suffered 
syncopal episodes, two had angina on minimal exer- 
tion, and all but patients 5 and 7 had clinical signs of 
right ventricular failure. The diagnosis of primary 
pulmonary hypertension had been reached in each 
patient after the exclusion of other causes of pul- 
monary hypertension by chest radiography,’ pul- 
monary function testing, echocardiography, isotope 
ventilation-perfusion imaging, and cardiac cath- 


eterisation. All except patients 4 and 8 had under- 
gone pulmonary angiography and in each case this 


had been reported as showing no evidence of major 


vessel thromboembolism. Patient 8 had normal ven- 
tilation perfusion lung scans. In six patients histo- 
logical material was examined. Patients 4, 5, and 10 
underwent open lung biopsy, and later patients 1, 3, 
and 5 bad both lungs removed during heart-lung 
transplantation. A necropsy was performed on 
patient 2. 

All patients but one were receiving oral anti- 
coagulants, six were taking diuretics, four were 
taking digoxin, and four required oxygen. All 
patients had received a trial of treatment with at least 
one vasodilator. The methods for assessing response 
had varied (table 2) but no patient had reported sub- 
jective improvement while taking oral vasodilators. 

All patients were referred to our unit to be consid- 
ered for heart-lung transplantation because of their 
poor clinical condition, which had worsened despite 
treatment. Table-3 shows data collected by their re- 
ferring physicians 1-18 (mean 5:5) months before 
catheterisation at our unit. Not all the measured 
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Patient Drug Daily dose (mg) Route Duration Effect 

1 Hydralazine 50 Oral 2 days Stopped due to syncope 
Nifedipine 60 Oral 6 weeks No subjecuve improvement 
Isosorbide 20 Oral 6 weeks No subjecuve improvement 

2 Nifedipine 10 1 dose No reduction 1n PVR 
Diazoxide 300 Into PA 1 dose No reduction 1n PVR 

3 Hydralazine 50 Oral 1 day Stopped due to nausea 
Nifedipine 30 Oral 4 weeks No subjective improvement 

4 Glyceryl trinitrate 05 Sublingual 1 dose ` Reduced PVR by 37% 
Nifedipine 10 Oral 1 dose Reduced PVR by 12% 
Nifedipine 60 Oral 4 weeks No subjective improvement 

5 Hydralazine 400 Oral 4 wecks No increase in exercise 

tolerance 
Caused eosinophiha 

6 Diazoxide 150 Oral 1 dose No' reduction in PVR 
Diazoxide 300 Oral 1 day Stopped due to syncope 

7 Captopril 150 Oral 18 weeks No subjective improvement 

8 Pirbuterol 15 Oral 1 dose No reduction in PVR 
Pirbuterol 45 Oral 13 weeks No subjective improvement 

9 Nifedipine 30 Oral 4 weeks No subjective improvement 

10 Captopril 150 Oral 10 weeks No objective increase in 


E —— — ———— 


PA, pulmonary artery, PVR, pulmonary vascular resistance 


variables were determined in every patient, but the 
available data showed a deterioration in their pul- 
monary vascular resistance (PVR) and pulmonary 
arterial oxygen saturation (Pao, saturation) and a 
significant rise in the mean pulmonary arterial pres- 
sure (PAP). This supports the clinical observation 
that the patients’ conditions were rapidly deterio- 
rating. 


HAEMODYNAMIC MEASUREMENTS 

The effect of short term administration of epo- 
prostenol was assessed in each patient after we 
stopped anticoagulant treatment and obtained writ- 
ten informed consent. À triple lumen flow directed 
catheter was used to perform right heart cath- 
eterisation in a supine patient. Mean right atrial, 
pulmonary.arterial, and pulmonary arterial wedge 
pressures (RAP, PAP, and PAWP) were obtained by 


exercise tolerance 


electronic integration of the pressure signals with 
the midaxillary line as the zero reference level. Mean 
systemic arterial pressure (SAP) and heart rate (HR) 
were monitored continuously via a radial artery can- 
nula and electrocardiograph. Radial arterial oxygen 
saturation and pulmonary arterial oxygen saturation 
were determined by a blood gas analyser (ABL 3 
Radiometer, Copenhagen, Denmark) and cardiac 
output (CO) by thermodilution and a bedside car- 
diac output computer (American Edwards Labora- 
tories, Santa Ana, California, USA). The following 
formulas were used to calculate further indices. 


Cardiac 1adex (CI) = CO surface area (l/min/m?) 
Pulmonary vascular resistance (PVR) — 
mean PAP "I x 80 (dvi Son) 
Systemic vascular resistance (SVR) — 
mean SAP — mean RAP 








x 80(dyn s cm^ 5) 


CO 
Table3 Haemodynamic data (mean (SEM)) at previous — O2 content — ! 
catheterisation compared with measurements at our unit. o, saturation X O, capacity a duesivedog 
( Figures in parentheses are the numbers of patients in which 100 2 


the individual measurements were compared) 








where 0, capacity = Hb (g/dl) x 1:36 
Peripheral 0, delivery = 


Previous Our 

catheterisation _catheterisation P value arterial 0; content x CO (ml/min) 
PAP (10) (mm Hg) 66 (6) 16 (6) «002 Epoprostenol (Flolan) was supplied by Wellcome 
Pao is} (dyn s cm 7) 1334 300) 1634 (225) «0005 Foundation Ltd (Beckenham, Kent) as the sodium 
CI emi) ^ a 220 2) 18 (02) A salt and made up for infusion in a sterile glycine 





PAP, pulmonary artery pressure, PVR, pulmonary vascular 
resistance, Pao,, pulmonary arterial oxygen saturation; CI, cardiac 
index. 


buffer. After baseline measurements had been ob- 
tained it was administered as an initial infusion of 
2ng/kg/min through a peripheral vein. The dosage 
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was increased by 1 ng/kg/min every 15 minutes and 
the haemodynamic measurements were repeated 
before each dose increment. The protocol was con- 
tinued until a significant (20%) change in 
pulmonary vascular resistance or systemic arterial 
pressure was observed or side effects occurred. 


LONG TERM TREATMENT 

After the short term trial the patients were started 
on long term intravenous treatment. À cannula (149. 
Nutricath no 218.20, Vygon UK Ltd, Cirencester) 
was inserted through a subcutaneous tunnel into a: 
subclavian vein and connected via a length of sterile 
manometer tubing and a three way stopcock to a 
20 ml syringe containing the infusion. This was pro- 
tected from light and administered continuously by 
a battery driven syringe pump with an automatic au- 
ditory alarm (MS16A, Graseby Dynamics, Bushey, 
Hertfordshire). The pump was carried in a small 
shoulder holster and .the infusion system did not 
restrict the patients’ mobility. The patients were 
taught how to prepare, store, administer, and main- 
tain the infusion themselves so that they could live 
independently at home. 


ASSESSMENT OF RESPONSE TO TREATMENT 

The long term infusion was started at the maximal 
dose that had been comfortably tolerated during the 
short term trial. The patients’ subjective feelings of 
well-being and their exercise tolerance were assessed 
during treatment. Clinical signs and the need for 
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concomitant drug treatment were regularly re- 
viewed. Patients had formal exercise testing before 
the start of epoprostenol treatment, if they were well 
enough, and at convenient intervals after start of the 
long term infusion. This consisted of walking on the 
level on a heavy duty electrically driven treadmill. 
The speed was increased by 0 9 km/h every minute 
until the patient felt unable to continue. At rest and 
then during the test oxygen consumption was calcu- 
lated for each minute by measuring the partial 
pressure of mixed expired oxygen with a mass spec- 
trometer and the total volume expired was measured 
with a pneumotachograph.!? The maximum walk- 
ing speed (WS) attained in km/h and the maximum 
oxygen consumption attained in ml/kg/min (V Max 
05) were recorded. 

In an attempt to obtain maximum clinical benefit 
seven of the patients had one or more dosage in- 
crements during their long term treatment. Each in- 
crease was achieved during a period of hospital 
admission in which the systemic blood pressure was 
closely monitored. 

The paired t test was used for statistical analysis of 
recorded data before and after intervention. 


Results 


SHORT TERM EFFECTS OF EPOPROSTENOL 

The baseline measurements confirmed the presence 
of severe pulmonary hypertension 1n the 10 patients. 
Mean pulmonary artery pressure and pulmonary 


Table 4 Values for haemodynamic data at baseline and during maximal dose infusion during short term epoprostenol trial 





Max dose of SAP PAP CI PVR SVR HR Pao, 0, delivery 
Patent — epoprostenol (mm Hg). (mm Hg) (l|min|m?) (dynsem™5)  (dynscm 5) (beats|min) saturation (ml/kg/wan) 
1 Baseline 78 100 17 2133 1600 104 45 58 
4 ng/kg/min TI 81 23 1190 1200 120 50 82 
2 82 71 15 1899 1992 70 38 — 
6ngkglmin ^ 66 68 19 1365 1223 82 45 = 
* Baseline 80 55 1-7 1376 1952 98 52 109 
5ngkgimm 65 65 18 1629 1425 104 53 119 
4 Baseline 83 80 21 1558 1684 87 60 95 
4ng/kglmin 75 80 26 1242 1174 90 70 116 
5 Baseline _73 62. 30 784 1094 90 51 152 
4ngkg[mn 72 48 31 580 1020 90 61 16-8 
6 Baseline 93 60 15 1583 2187 TI 42 85 
6ng/kgimm 80 60 18 1358 1457 84 56 95 
7 Baseline 100 80 18 1800 2275 78 51 124 
6 ng/kg/min 80 80 21 1516 1579 82 . 51 143 
8 Baseline 70 50 22 869 1440 63 60 11:8 
6ngkg/mn ^ 61 48 28 675 1031 68 68 151 
9 Baseline 95 105 15 2744 2425 84 43 83 
8 ng/kg/min 70 105 20 2054 1340 96 57 109 
10 Baseline 76 93 13 2523 1723 82 42 73 
6nglkg/min 62` 98 145 2400 1048 82 51 81 
Mean Baseline 83 Q 76 (6) 183(02)  1727(202)  1837(12 83 A 48 @ 10 0 (1) 
(SEM) 55ng/kg/mm 71 (2 73 (6) 219(02)  1401(175)  1250(60) 90(4) 5702 118(1) 
p value «0001, >04 <0 005 <0 02 <0 001 <0-005 «0 001 <0 001 


SAP, systemic arterial pressure, PAP, pulmonary artery pressure; CI, cardiac index; PVR, pulmonary vascular resistance; SVR, systemic 
vascular resistance; HR, heart rate; Pao, sat, pulmonary arteria] oxygen saturation, 0; delivery, peripheral oxygen delivery. 
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Fig 1 
after starting epoprostenol. 1 Epoprostenol started. 


vascular resistance were high and cardiac index and 
pulmonary arterial oxygen saturation were low 
(table 4). There was a significant fall ın pulmonary 
vascular resistance after epoprostenol. This was 
small and of doubtful physiological significance in 
four and large in three. There was a statistically 


60 


70 80 


Indrwidual exercise tolerances expressed as maximum oxygen consumption at various times before and 


significant decrease in the mean systemic arterial 
pressure and systemic vascular resistance and a sta- 
tistically significant rise in the mean cardiac index. 
Mean pulmonary arterial oxygen saturation rose 
from 48% to 57% and the mean peripheral oxygen 
delivery from 10 to 11:8 ml/kg/min. There was a 
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Fig2 Duration of epoprostenol treatment and nibjéctiüs effects of epoprostenol and final outcomes in 
individual patients. Length of time that subjective benefit was present 1s indicated by cross hatching. 
Numbers in parentheses show maximum dose of epoprostenol (ng|kg|min). 


small increase in mean heart rate during the infusion 
but no change in pulmonary arterial wedge or right 
atrial pressures. 'The mean falls in pulmonary vascu- 
lar and systemic vascular resistances were 19% and 
32% respectively. In only two patients (1 and 5) was 
the fall in pulmonary vascular resistance greater 
than the fall in systemic vascular resistance. 


EFFECTS OF LONG TERM EPOPROSTENOL 
All but patient 9 noted a subjective improvement in 
well-being and exercise tolerance within a week of 


starting long term treatment. The subjective benefit 


was confirmed on formal exercise testing (fig 1). 
Four patients were too ill to exercise before 
epoprostenol but after long term treatment they 
reached a mean walking speed (SEM) of 4 (0-6) 
km/h and a mean maximum oxygen consumption of 
13:4 (2-0) ml/kg/min. The six patients who exercised 
shortly before starting epoprostenol increased their 


mean walking speed from 2-5 (0-7) to 4-3 (0-6) km/h | 


(p « 0 01) and their maximum oxygen consumption 
from 7:2 (0-7) to 14-9 (1-4) ml/kg/min (p < 0-01). All 
patients showed an initial improvement in exercise 
performance during epoprostenol treatment. Figure 
1 shows that individual exercise performances con- 
tinued to improve or were sustained in some patients 
while in others improvement was only temporary. 
Subjective benefit was held to be present if the 
patients reported improved symptoms and exercise 
tolerance that worsened within 30 minutes of the 
infusion being interrupted. 


CLINICAL PROGRESS 
Figure 2 shóws that five patients have felt better on 
epoprostenol for over 24 weeks to 2 years. 


All patients (except patient 6) initially were able to 
leave hospital and return home to an improved qual- 
ity of life. Three of the patients have since under- 
gone heart-lung transplantation. Patients 1 and 3 
remained well on the infusion until short periods of 
deterioration prompted operation. Patient 5 did well 
initially but then suffered two episodes of sep- 
ticaemia, the second of which was associated with a 
cardiorespiratory arrest. She slowly recovered and 
subsequently had a heart-lung transplant. 

After initial improvement patient 6 had a relapse 
into refractory right ventricular failure after a car- 
diorespiratory arrest during follow up cardiac cath- 
eterisation. This event was not associated with any 
change in epoprostenol dosage and appeared to 
occur during repositioning of the catheter. Recur- 
rent massive ascites and renal failure developed and 
the patient died five months after starting treatment. 
After an impressive initial response, patient 2 
slipped back to her previous condition. The infusion 
was stopped for a short time and reintroduction of 
epoprostenol at a higher dose was associated with a 
further impressive response. After 10 months’ treat- 
ment, however, she relapsed into gross right ventric- 
ular failure which was unresponsive to an increasing 
dose of epoprostenol. 

The other five patients have received 
epoprostenol for a comparatively short time but all 


report sustained benefit. 


SIDE EFFECTS OF LONG TERM TREATMENT 

In three patients septicaemia developed from infec- 
tion at the tip of the indwelling cannula. In each case 
this was associated with a deterioration in well-being 
and exercise ability. In patients 1 and 3 it responded 
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quickly to intravenous antibiotics and replacement 
of the intravenous cannula. In patient 5 two courses 
of antibiotics and resiting of the subclavian cannula 
did not eradicate the infection. Epoprostenol had to 
be given through a peripheral vein until the infec- 
tion was controlled; then a further subclavian line 
was inserted. 

Sterile ascites developed in three patients during 
long term treatment. In each case the fluid was straw 
coloured and contained a predominance of lympho- 
cytes. The glucose and amylase concentrations of 
the fluid were normal but in each case the total pro- 
tein content was > 35 g/l and electrophoresis showed 
a protem leak which was non-selective according to 
the results of molecular weight determinations. No 
patient had a raised erythrocyte sedimentation rate 
at diagnosis and in two of the patients tested anti- 
nuclear factor, DNA binding, and rheumatoid 
factor were not detected in tbe peripheral blood. 
Liver function tests showed a slight increase in as- 
partate amunotransferase concentrations. Patient 1 
had normal computed tomographs of the liver and 
abdomen. 

In patient 1 the ascites did not recur after para- 
centesis. In patient 2 it became massive and required 
repeated aspiration. In patient 6 it was massive, re- 
current, and became chylous shortly before death. 
In all three patients the ascites was greater than 
would be expected from right ventricular failure 
alone and was not associated with generalised fluid 
retention of the same magnitude. 

Higher doses of epoprostenol were tolerated by 
the patients than by normal volunteers. This was 
achieved without the commonly reported side effects 
of headache, flushing, and abdominal pain.!? When 
these side effects did occur they were associated with 
an increase in the infusion dose but they were tran- 
sient in nature, and normally subsided within 24 
hours. We learnt to control side effects by increasing 
the infusion rate more gradually. In general the 
patients managed their treatment with very few 
problems. Five patients experienced sudden inter- 
ruptions in their infusions; one because of pump 
failure, one because the line became disconnected, 
and three because they inadvertently turned off the 
pump. All noticed a considerable increase in symp- 
toms within minutes and a prompt improvement 
when the infusion was restarted. 


PATHOLOGICAL EXAMINATION 

Histological specimens obtained in six patients 
showed medial hypertrophy of the pulmonary arte- 
rioles with widespread fibrocellular proliferation of 
the intima of all arteries and arterioles. In patients 1, 
4, and 5 the changes were typical of plexiform pul- 
monary arteriopathy but in patients 2, 3, and 10 the 
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vascular changes were associated with the presence 
of thrombi in peripheral pulmonary arteries. Patient 
5 had an open lung biopsy before epoprostenol and 
both lungs were available for examination after 
heart-lung transplantation. There was no difference 
in the severity of the vascular lesions between the 
two specimens. 


Discussion 


This paper is not the report of a clinical trial but 
rather the observations of the effect of a treatment on 
ten patients with a severe, potentially fatal condi- 
tion. Nevertheless, we made several important ob- 
servations based on the subjective and objective 
data. These patients were treated with epoprostenol 
because all had severe primary pulmonary hyper- 
tension with a high pulmonary artery pressure and 
pulmonary vascular resistance and low cardiac in- 
dex. All had a pulmonary arterial oxygen saturation 
below 6395, which is associated with a three year 
survival rate of <20%.* In all, the symptoms were 
becoming worse and this was confirmed by hae- 
modynamic measurements, a fall in pulmonary arte- 
rial oxygen saturation between catheterisations, and 
in four a measured decline in exercise capacity and 
maximum oxygen consumption. None had re- 
sponded to conventional oral vasodilators. 

The rationale behind the use of vasodilators in 
primary pulmonary hypertension is that the histo- 
logical features of the condition may represent an 
inappropriate constriction of the pulmonary vascu- 
lature.!^ In the early stages of the disease the vaso- 
constriction is labile and responsive to vasodilators 
but later it becomes fixed and irreversible.!? Short 
term administration of vasodilators in primary pul- 
monary hypertension most commonly causes a 
decrease in the pulmonary and systemic vascular re- 
sistance and an associated increase in cardiac output 
with little or no effect on the pulmonary artery pres- 
sure.!© These haemodynamic changes can be sus- 
tained with long term oral treatment and can be 
associated with clinical and subjective improvement 
in the patient's condition." !" The administration of 
vasodilators with long half lives can also cause pro- 
found systemic hypotension that is resistant to treat- 
ment and can lead to death.9? Epoprostenol is a 
powerful vasodilator when it is administered intra- 
venously. It has a rapid onset of action that is dose 
dependent.!? It has a short half life so any adverse 
reaction can be rapidly reversed by discontinuing 
the infusion. The optimal dose of the infusion can be 
determined during a single right heart cath- 
eterisation. Most studies can be completed in two 
hours which is a much shorter time than tbat re- 
quired ior fully testing orally administered drugs. 
When epoprostenol 1s administered as a long term 
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infusion, fluctuations in the blood concentration due 
to variable bioavailability are avoided, thus making 
it ideally suited to treatment of critically ill patients. 
Itis possible that the problem with oral vasodilators 
is the maintenance of adequate concentrations in the 
blood. 

The effect of short term infusion of epoprostenol 
in our patients was similar to that reported pre- 
viously.!? Some workers have claimed that in order 
to establish a pulmonary vasodilatation effect, there 
should be a fall in pulmonary artery pressure and the 
pulmonary vascular resistance should decrease more 
than systemic vascular resistance.! Only two of our 
patients fulfilled these criteria. The cardiac output, 
however, improved with no rise in pulmonary artery 
pressure in all but two patients. This improved car- 
diac output was associated with concomitant in- 
creases in pulmonary-arterial oxygen saturation and 
peripheral oxygen delivery. The increase in cardiac 
output was achieved without a large increase in heart 
rate or a change in right atrial pressure, suggesting 
there was no important increase in right ventricular 
workload. 

In assessing the effect of long term epoprostenol, 
the ideal would be to repeat haemodynamic mea- 
surements. Right heart catheterisation is not without 
complications,’ however, and in primary pul- 
monary hypertension is associated with a significant 
morbidity and mortality* as we witnessed in patient 
6. Also although our patients’ recordings were stable 
during their catheterisations, there can be spontane- 
ous variability of haemodynamic function in pri- 
mary pulmonary hypertension.'? Because the 
increase in cardiac output was the major effect of 
epoprostenol we monitored our patients’ progress 
non-invasively by means of treadmill exercise test- 
ing. Measurement of symptom limited maximum 
oxygen consumption has been shown to correlate 
with the cardiac output in normal subjects?? and pa- 
tients with left heart failure.?! A recent paper has 
recommended its use also in assessing the response 
to oral vasodilators in “‘obliterative pulmonary hy- 
pertension”.?? All our patients improved clinically 
and subjectively and all increased their maximum 
oxygen consumption during exercise. This indicated 
that their improvement in cardiac output during the 
short term was sustained by the long term infusion. 
We believe that the symptomatic benefit of long 
term epoprostenol was due to its ability to increase 
cardiac output and tissue oxygenation; this resem- 
bles the mechanism of action of a response to oral 
hydralazine in patients with primary pulmonary hy- 
pertension.?? ?* Exactly how the increase in cardiac 
output is achieved remains uncertain but even in the 
absence of a fall in pulmonary artery pressure it 
probably represents some decrease in the obstruc- 
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tion of the pulmonary vasculature.?? The mech- 
anism is analogous to that which operates when 
vasodilators are given to patients with left ventricu- 
lar dysfunction when reduction in afterload is ac- 
companied by an increase in cardiac output rather 
than a fall in systemic arterial pressure. In both in- 
stances a fall in systemic arterial pressure resulting 
from a fall in systemic vascular resistance is counter- 
acted by reflex increase in stroke volume. 

The reason why all our patients responded both in 
the short term and in the long term is probably be- 
cause we were able to reach the optimum vaso- 
dilating dose with the epoprostenol infusion; this is 
much more difficult to achieve with oral vaso- 
dilators. 

Even when a clinical diagnosis of primary pul- 
monary hypertension has been made after extensive 
investigations including pulmonary angiography, 
other studies of necropsy specimens have shown that 
up to 60% of patients have evidence of recurrent 
pulmonary thromboembolism.*'!* This was also 
seen in three of our six patients in whom the results 
of histological examination were available (patients 
2, 3, and 10). In all of them pulmonary angiograms 
had excluded major vessel obstruction. Their short 
term and long term responses were similar to those 
in patients with classic plexiform pulmonary arterio- 
pathy. It could be argued that the thrombi occurred 
in situ; however, in our group of patients the sex 
ratio is not typical of the usually recognised condi- 
tion. 

Some evidence suggests that anticoagulation may 
prolong survival* but most physicians believe that 
anticoagulants are useful only in preventing the sec- 
ondary thromboembolism associated with low car- 
diac output. As well as being a vasodilator, 
epoprostenol is a powerful platelet antiaggregator 
and if abnormal platelet behaviour was important in 
the pathogenesis of primary pulmonary hyper- 
tension this effect might be an added benefit of the 
treatment. Tests of platelet function in patients on 
epoprostenol infusions, however, showed an “‘intra- 
infusion” rebound of platelet activation starting at 
2-4 days, reaching a maximum at 6-10 days, and 
then levelling off.?? No clinical complication of this 
enhanced platelet activation was seen in our pa- 


. tients. Nor have they been reported after short term 


infusions of epoprostenol for peripheral vascular 
disease. This phenomenon should be further ex- 
plored, in particular with reference to clinical com- 
plications. 

Epoprostenol had a positive clinical benefit ın all 
our patients and all but one became mobile and went 
home. This improvement was achieved by treating 
the effects rather than the cause of primary pul- 
monary hypertension. Treatment did not reverse the 
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underlying disease process as its effects were not 
sustained in all patients. The two patients who died 
had the lowest pulmonary arterial oxygen saturation 
at the outset. It had no effect on the pulmonary 
pathology of the one patent whose lungs were 
examined before and after epoprostenol and in 
whom stopping the infusion had caused a rapid 
deterioration in clinical condition. 

Treatment with epoprostenol improved the qual- 
ity of life and the exercise tolerance in patients with 
a severe deteriorating disease who had not been 
helped by oral vasodilators. We believe that despite 
the problems of maintaining an intravenous infusion 
and the expense, this is a treatment that can be used 
in patients awaiting heart-lung transplantation when 
there may be a long wait for a suitable donor. A for- 
mal controlled study will be necessary, however, if 
epoprostenol infusion is to be considered for more 
general use in less severely affected patients with 
primary pulmonary hypertension. 


We thank Dr Derek Wheeldon for his expert tech- 
nical assistance and Dr Pete Stovin for his opinion 
on the histological sections. We are also grateful to 
the Wellcome Foundation Ltd for their kind sup- 
port. Dr Jones is a British Heart Foundation Re- 
search Fellow. 
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Electrical injury causing ventricular arrhythmias 
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SUMMARY Dangerous or long lasting ventricular arrhythmias developed in three patients who 
had sustained an electrical injury in which current passed through the thorax. In all three cases 
there was a delay of 8-12 hours between the injury and the onset of symptoms. The ventricular 
arrhythmias were severe and long lasting. In two of the three patients, ventricular tachycardia or 
ventricular fibrillation or both occurred and in one patient ventricular parasystole developed. No 
enzymatic evidence of myocardial necrosis was found but the results of an endomyocardial biopsy 
carried out in two of the three patients showed focal myocardial fibrosis and increased numbers 
of Na, K-pumps. The two patients with ventricular tachycardia became symptom free after 
appropriate antiarrhythmic treatment and in the third patient ventricular parasystole disappeared 
spontaneously within two years. 

Patients sustaining electrical injury in which current passes through the thorax should be 
monitored electrocardiographically for at least 24 hours, and patients with unexpected arrhyth- 


mias should be questioned about previous electrical injury. 


A lightning strike is a recognised cause of sudden 
death. When the mechanism of such death was 
investigated in 1775 it was found that an electrical 
shock applied to a head stunned hen whereas another 
shock to the sternum resuscitated it.! In 1850 it was 
shown in a dog that application of a current to the 
exposed heart was followed by very rapid and irreg- 
ular movements of the ventricles—that is, probably 
ventricular fibrillation.” 

Nowadays electrical injuries are common. Several 
factors such as voltage, tissue resistance, tissue sus- 
ceptibility, type of current, current pathway, site, 
and duration of electrical contact determine the 
severity and distribution of the injury.? The heart in 
particular is liable to damage by electrical injury. 
Thus high voltage (7 500 V, direct or alternating 
current) and lightning can cause sudden death from 
cardiac arrest, but the low voltage (110-380 V, alter- 
nating current 50-60 Hz) used in household elec- 
trical equipment can also cause sudden death, 
usually from ventricular fibrillation.? * Less serious 
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transient electrocardiographic changes have also 
been described after electrical injury.^ Furthermore, 
electrical injury has been diagnosed on the basis of 
enzyme changes indicating myocardial necrosis." ^ 
Finally, countershock applied for cardioversion can 
be followed by serious arrhythmias, either immedi- 
ately or within a few hours,®° or by transient ST 
segment elevation.!? The effect of electrical injury 
on the heart has been demonstrated at necropsy 
in fatal cases and non-invasively in survivors by 
electrocardiography, enzyme activity, and 
echocardiographic examination.’ 

We report three cases of non-fatal electrical injury 
that were followed by delayed serious ventricular 
arrhythmias. Endomyocardial biopsy specimens 
were taken from two of the patients. Microscopy 
showed myocardial fibrosis. 

The membrane bound enzyme, the Na, K- 
A'TPase or Na, K-pump, performs the transport of 
sodium ions out of the cell and potassium ions into 
the cell and is essential for the specific properties of 
muscle and nerve tissue such as contractility and 
excitability.!! We estimated the concentration of this 
pump in the endomyocardial biopsy specimens by 
measuring binding of [^H] ouabain.'? 
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Patients and methods 


ELECTROPHYSIOLOGICAL EXAMINATION 
Hlectrophysiological provocation was performed as 
described elsewhere.!? Electrode catheters were 
introduced percutaneously and positioned high in 
the mght atrium, the His bundle region, and in the 
right ventricle. Programmed ventricular stimulation 
was carried out in the mght ventricular apex or outlet 
tract and consisted of pacing. with a current. of twice 
diastolic threshold with an impulse duration of 2 ms, 
and a basic cycle length of 500 ms for eight beats 
followed by single or double ventricular extrastimuli 
with varying coupling intervals. If this failed to 
induce ventricular tachycardia the basic cycle length 
was reduced to 460ms and eventually to 400 ms. 
Finally, if this stimulation procedure failed to induce 
ventricular tachycardia we used burst pacing with 
bursts of eight beats with a cycle length of from 
300 ms to 200 ms. 


ENDOMYOCARDIAL BIOPSY SAMPLING 

The left heart was catheterised from the femoral 
approach. After coronary angiography five endo- 
myocardial biopsy specimens were taken from the 
left ventricle with Cordis biopsy forceps. Three of 
the biopsy samples were taken for microscopy and 
two were frozen (—20°C) for assay of the Na, K- 
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ASSAY OF THE NA, K-PUMP 
Binding of [?H] ouabain was measured as described . 
elsewhere.!? The biopsy specimens were incubated 

twice in a TRIS sucrose buffer containing 10 mmol/l 

TRIS chloride, 3 mmol/l magnesium sulphate, 250 

mmol/l sucrose, 1 mmol/l vanadate, and 1 x 1076 

mol/l [7H] ouabain at 37°C for 60 min each. This was 

followed by four washes at 0°C for another 30 

munutes each to remove [°H] ouabain which was not 

bound to its receptor. After blotting, the samples 

were weighed and 5% trichloroacetic acid was 

added. After overnight extraction and liquid scintil- 

lation counting, the amount of [°H] ouabain bound 

to the biopsy specimens was calculated on the basis 

of thé specific activity of the incubation medium. 

After correction for non-specific uptake determined , 
in the presence of surplus of unlabelled ouabain, 

results were expressed as pmol of [?H] ouabain per 

g wet weight of muscle tissue. 


Results 


PATIENT 1 

A 43 year old previously healthy male electrician 
sustained an electrical injury (3000 V, direct current) . 
from one hand to the other. Twelve hours later while 
he was playing football he fainted suddenly with 
cardiac arrest. Resuscitation was started immedi- 
ately. When he arrived at the local hospital ventricu- 
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Electrocardiogram showing the onset of ventricular tachycardia with a frequency of 210 beats per minute just 


after exercise test in patient 1. The QRS configuration shows right bundle branch block suggesting a left ventricular 
focus. There were two ventricular extrasystoles (E) of different QRS configuration immediately before ventricular 
tachycardia started with a fusion beat (F) (paper speed 25 mm][s). 
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Fig 2 Left ventricular endomyocardial biopsy specimen 
from patient 1 showing endocardial and subendocardial 


fibrosis. Single myocytes are encased by the dense collagen 
tissue (elastic Van Gieson). 


lar fibrillation was present and he was successfully 
treated with a direct current countershock. Electro- 
cardiograms recorded half an hour later and in the 
next few days were normal. Furthermore, activities 
of coronary enzymes, including creatine kinase B, 
and serum potassium were normal. A new attack of 
ventricular fibrillation occurred six days after the 
accident while he was not being monitored. Con- 
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version to sinus rhythm by direct current counter- 
shock was successful. 

Six months later he fainted suddenly while bicy 
cling; again there was a cardiac arrest. He was resus- 
citated. On his admission to the local hospital the 
electrocardiogram showed ventricular fibrillation 
and the rhythm was again converted by a direct cur 
rent countershock. The resting electrocardiogram, 
echocardiographic examination, and coronary arte- 
riography were normal. Exercise testing showed a 
working capacity of 300 W for 18 minutes before 
general exhaustion. Just after the test, however, ven- 
tricular tachycardia developed (fig 1). This lasted for 
54s with a frequency of 210 beats per minute (cycle 
length 290 ms). The QRS configuration during this 
tachycardia showed right bundle branch block con- 
sistent with a left ventricular focus. An identical ven- 
tricular tachycardia could be induced by burst 
pacing at a cycle length of 230 ms in the right ventric- 
ular outlet tract. The induced ventricular tachy 
cardia degenerated within a minute to ventricular 
flutter and fibrillation and the patient was given a 
direct current countershock. Left ventricular endo 
myocardial biopsy specimens showed focal myo- 
cardial fibrosis (fig 2) and a Na, K-pump 
concentration of 600 pmol/g wet weight. After 
administration of sotalol 80 mg three times a day 
exercise testing was normal and it was no longer 
possible to induce ventricular tachycardia by electro- 
physiological provocation. 


PATIENT 2 
A 45 year old previously healthy woman sustained an 
electrical injury in which current (380 V, 50Hz 


Fig 3 Electrocardiographic monitoring in patient 2 on CM showing a run of ventricular tachycardia 
with a frequency of 170 beats per minute lasting 7-4 seconds (paper speed 25 mmis). 
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Fig 4 Electrocardiographic monitoring in patient 3 on CM showing ventricular parasystole with fusion 
beat ( F), variable coupling interval, and a minimum manifest interectopic cycle length of 760 


(720-780) ms ( paper speed 25 mmis). 
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passed from one arm to the other. Eight hours later 
she had dizzy spells and palpitation. Despite daily 
attacks she did not consult ber physician until two 
months later. Ambulatory Holter monitoring 
showed frequent runs of ventricular tachycardia (170 
beats per minute) that lasted up to two minutes. 
These were associated with dizzy spells (fig 3). At 
admission to hospital the patient mentioned the pre- 
vious electrical injury. Resting electrocardiogram, 
coronary enzyme concentration, and serum potas- 
sium concentration were normal. Exercise testing 
and coronary artenography were also normal. Left 
ventricular endomyocardial biopsy specimens 
showed focal myocardial fibrosis and a Na, K-pump 
concentration of 463 pmol/g wet weight. She has 
been treated with mexiletine for six months with 
excellent effect on the ventricular tachycardia and its 
symptoms. 


PATIENT 3 1 

A 34 year old previously healthy man sustained an 
electrical injury when current (220 V, 50 Hz) passed 
from his left hand to his right shoulder. Twelve 
hours later he experienced chest pain and pal- 
pitation. He was admitted to the hospital and phys- 
ical examination was normal except for a pericardial 
friction rub. Electrocardiographic monitoring 
showed ventricular parasystole with highly variable 
coupling intervals, fusion beats, and a minimum 
manifest interectopic cycle length of 760 (720—780) 
msec (fig 4). During the next few days the electro- 
cardiogram showed transient S'T segment depres- 
sion and negative T waves in leads I, II, III, and 
V4—6. All laboratory tests were normal including 
creatine kinase B, serum potassium, and virus titres. 
The exercise electrocardiogram was normal and 
parasystole disappeared completely when the heart 
rate exceeded 120 beats per minute. Thallium-201 
myocardial exercise testing and cross sectional echo- 
cardiography were normal. Coronary arteriography, 
electrophysiological provocation, and endo- 
myocardial biopsy were not considered to be 
justified. 

Holter monitoring at two weeks and three, six, 12, 
24, and 48 months after the injury showed a gradu- 
ally decreasing number of ventricular parasystolic 
beats with unchanged minimum manifest inter- 
ectopic cycle length. Within two years the ventricu- 
lar parasystole had completely disappeared. 


Discussion 


In the present study there was a delay between elec- 
trical injury and the onset of arrhythmias. Cardiac 
arrhythmias and conduction disturbances such as 
ventricular fibrillation, ectopic focal arrhythmia, and 
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bundle branch block have been reported previously 
in patients who have sustained an electrical injury. 
These arrhythmias and especially ventricular 


fibrillation, however, seem to have developed imme- - : 


diately after injury. A delay between injury and onset 
of arrhythmias does not seem to have been reported - 
before.? 47 

Arrhythmias are often seen after cardioversion by 
direct current countershock. These can bé either im- 
mediate or delayed. Thus ventricular fibrillation was 
seen immediately after cardioversion in, 26 of 1046 
patients whereas in five patients ventricular 
fibrillation was delayed from 5 minutes to 6 hours 
after cardioversion and tended to recur after 
defibrillation. 9 Unlike our patients, however, these 
five patients were heavily digitalised and four had. 


' hypokalaemia. 


Because current tends to course along the neu- 
rovascular bundles, the heart is highly susceptible to 
injury when an electrical current passes through the 
thorax. Generally, however, in most patients who 
suffered electrical injury there were no major ar- 
rhythmias.? ^ This may be because evidence about 
whether the current had passed through the thorax 
or not was not specifically sought. 

Several theories have been advanced to explain the 
effects of electricity on the heart. The development 
of patchy necrosis after electrical injury has been 
suggested. 7 This theory 18 supported by our findings 
in the two patients in whom endomyocardial biopsy 
was performed. To our knowledge abnormal 
findings in the endomyocardial biopsy specimens of 
survivors of electrical injury have not been reported 
before. The biopsy specimens were obtained two and 
six months after the injury and the patchy fibrosis 
that we found at this time could explain the devel- 
opment of early arrhythmias. Furthermore, the 
fibrotic tissue found in the myocardium might be a ^ 
potential chronic arrhythmogen:c focus. 

We found Na, K- -pump concentrations of 463 and- 
600 pmol/g wet weight in two endomyocardial bi- 
opsy specimens assayed for [PH] ouabain binding 
capacity. In 15 patients in permanent sinus rhythm 
the mean (SE) concentration was 413 (26) pmol/g 
wet weight.!? Although normal ‘perfusion prevents 
permanent changes in the extracellular potassium 
concentration, an increased Na, K-pump concen- 
tration may be associated with transient and localised 
changes in sodrum and potassium transport, potas- 
sium concentration, and membrane potential. This 
could be important in the development of arrhyth- 


“mias.'* 


None of our patients had ischaemic heart disease 
and there was no electrocardiographic or serological 
evidence of pericarditis or myocarditis. The peri- 
cardial friction rub heard in patient 3 may have been 
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' caused |by.a' small pericardial haemorrhage, a feature f 


which'has already. been found'at necropsy in a person 


who died after being struck by. lightning.’ The histo- , 


- logical appearance of the endomyocardial biopsy 
á speciinens; however; does not exclude myocarditis. 
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We believé that' patients: sustaining ; an eléctrical ' 

: injury in, which the current passes through the tho- 
rax should be. monitored electrocardiographically for ` 
at least 24 hours -because tlie onset of arrhythmias , 
' may be delayed. Because long. lasting and severe ar- : 
rhythmias- ‘can develop. under these circumstances,’ , 
. , patients with “unexpected” arrhythmias’, should , bestii 
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Case reports 





Constitutional predisposition to vasovagal syncope: 
an additional risk factor in patients exposed to 


electrical injuries? 


PER HERLEVSEN, PER THORGAARD ANDERSEN 
From the Department of Cardiology, Aalborg Hospital, Aalborg, Denmark f 


SUMMARY An hour after a 220 V electric shock a patient who was susceptible to mild vasovagal 
symptoms in response to emotional stress had a severe episode of cardiac arrest in response to 
insertion of a cannula. No myocardial damage or conduction abnormalities were detected by serial 


12 lead electrocardiograms. 


Patients with a history of vasovagal reactions may be at high risk of developing lethal sinus node 
or conduction disturbances after electrical injuries. Psychological stresses should be avoided in 


the management of such patients. 


Cardiac arrhythmias and conduction disturbances 
are among the most serious clinical manifestations of 


electrical accidents. After low voltage injuries . 


(«350 V) arrhythmias and conduction disturbances 
have been found in 11-39% of the patients.? Natu- 
rally it is only in fatal cases of high voltage and light- 
ning injuries that the morbid anatomy has been 
described.! ? 5 ‘ 

The potential lethal effect of autonomic reactions 
when there is electrical instability in the heart has 


been described in patients with ischaemic heart dis- . 


ease and in animal experiments.* We report a pa- 
tient who fainted soon after a 220 V electric shock. 
About an hour later sinus arrest developed seconds 
after the insertion of an intravenous cannula.: 


Case report 
A 33 year old electrician was admitted to hospital 


after a 220 V AC electric shock. When the shock oc- 
curred he was fully conscious and locked on to the 
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wires because of the tetanising effect of the alterna- 
ting current; he was pulled away by his colleagues. 
The current, which had passed up one arm and 
down the other; had caused electrothermal burns on 
both hands. About 30 seconds after the accident the ” 
patient lost consciousness for 10-15 seconds. The 
pulse was not registered during this event. He re-. . 
gained consciousness spontaneously. At admission ` 
to hospital his pulse rate was 80-88 beats/minute, . 
blood pressure was 150/90 mmHg, and a 12 lead 
electrocardiogram showed no signs of myocardial 
injury. A-stable sinus rhythm and normal PQ, QRS, 


- and QT intervals were found. The patient's electro- 


cardiogram was monitored continuously. Before the 
insertion of an intravenous cannula he stated that he . 
was always upset by the sight of blood. He reported 
fainting after an intramuscular injection and he said 
that on several occasions he had turned pale and felt 
dizzy and nauseated at the sight of blood or cannu- 
las. On this occasion as the cannula penetrated his 
skin (about an hour after the electric shock), sinus ' 
bradycardia developed and this.led to sinus arrest 
within 5-10 seconds. The patiént lost consciousness, 
his pupils dilated; and he stopped breathing. As- 
ystole lasted 33 seconds and was interrupted by a 
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ventricular escape at 17 seconds and a nodal escape 
at 29 seconds. After 33 seconds a spontaneous sinus 
impulse was seen but another sinus arrest followed. 
Electrical cardiac activity then was restored by a 
blow to the chest and external cardiac compression. 
During the next three days no arrhythmias or car- 
diac conduction disturbances were recorded and 


serial electrocardiograms did not disclose structural. 


damage to the heart. Carotid sinus stimulation was 
performed two'days after the accident and did not 
provoke bradycardia or conduction disturbances. 
The patient left hospital in an excellent physical 
condition after an observation period of three days. 


Discussion 


. Many reports have indicated a relation between psy- 
chological stress and sudden death. Engel reviewed 
275 patients who.died suddenly; 21% died immedi- 
ately after hearing of the collapse or death of a close 
relative and another 9% died when such a loss ap- 
peared to be a possibility. Twenty per cent died 
during the first three weeks of acute grief and 3% 
during mourning or upon anniversary of a death. A 
similar link between emotional state and sudden 
death from Coronary artery disease was found in an- 
other study.” 

Cardiac arrest after vasovagal reactions to emo- 
tional stimuli in otherwise healthy individuals have 
only rarely been described.® ? It is known, however, 
that strong vagal stimulation in healthy Paget may 
induce sinus arrest for 4 to 10 seconds. i 
prompts the question “Was the sinus arrest pie 
exclusively by a strong vasovagal reaction or was the 
cardiac dysfunction induced by the electric shock a 
contributing factor?" 

Neither the history nor the patient's subsequent 
progress suggested that he had ischaemic heart 
disease; and contemporary and serial electro- 
cardiograms showed no evidence of structural dam- 
age to the myocardium by the electric shock. Minor 
electrophysiological disturbances in intracardiac 
'electrical conduction and the impulse generating 
system, however, may not induce recognisable 
abnormalities in a standard electrocardiogram. Fur- 
thermore, the pathophysiological basis of arrhyth- 
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mias that occur after low voltage electrical accidents 
without myocardial damage is unknown. Finally, the 
patient had never before shown such severe vaso- 
vagal reaction ın response to the insertion of a can- 
nula, though he reported milder vasovagal responses 
to similar stimuli. For these reasons we believe that 
the electric shock had enhanced the patient's reac- 
tion to such stimuli and to such an extent that was 
potentially lethal. 

Patients with a history of vasovagal reactions may 
be at increased risk of the development of lethal car- 
diac conduction disturbances after electrical in- 
juries. It seems reasonable to advise medical and 
nursing staff to avoid interventions that cause psy- 
chological stress in such patients. 
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Extraluminal compression of an aortic graft 


simulating recoarctation 


AUDREY STERN, BRUCE P MINDICH,* JONATHAN L HALPERIN 
From the Cardiothoracic Center, Mount Sina: Medical Center, New York, NY, USA 


SUMMARY Restenosis rarely develops after surgical correction of coarctation ofthe aorta in adults. 
Late morbidity is usually related to residual hypertension or progressive aortic valve disease. A 
patient in whom symptoms and signs of recurrent coarctation developed 19 years after initial graft 
repair is described. Dehiscence of the original silk suture line was found àt operation. Extensive 
thrombus had produced graft compression. Milder. hypertension persisted in the postoperative 


period despite relief of the aortic obstruction. 


Late morbidity after repair of coarctation of the aorta 
in adulthood is usually caused by residual hyper- 
tension, development of coronary atherosclerosis, 
aneurysm formation, stroke, aortic valve disease, or 
congestive heart failure.! ? Recoarctation rarely 
develops when the initial operation is performed in 
.adulthood, but stenosis may develop when the 
enlarging aorta outgrows a synthetic graft inserted 
earlier in life. We encountered a case in which appar- 
ent'recoarctation developed as a result of dehiscence 
of the original suture line 19 years after initial repair. 
Extensive thrombus formation resulted in graft 
compression. © 


-Case report 


A38 year old white woman presented with hyper- 
tension and claudication in the legs 19 years after 
- surgery for repair of coarctation of the aorta. She had 
presented initially with similar findings, and angio- 
graphy had identified a juxtaductal aortic coarctation 
, beyond the left subclavian artery with preserved dis- 
tal flow and associated ductus arteriosus. During the 
original operation the ductus arteriosus was ligated, 
- along coarctation was resected, and a 14 mm Dacron 
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graft was inserted with a silk suture. The patient did 
well-in the postoperative period; bloód pressure 
became normal, claudication remitted, and she 
enjoyed an active lifestyle and completed two full 
term pregnancies without difficulty.. At 38 she 
experienced fatigue and dyspnoea and claudication 
of the calves, thighs, hips, and buttocks on both 
sides. She was admitted to hospital with congestive 
heart failure and the blood pressure was then 
230/112mmHg. Congestion and hypertension 
responded to administration of diuretic and vaso- 
dilator medications. At réadmission her medications 
included metolazone (10mg daily) and clonidine 
(0 1 mg three times a day); she had stopped using: 
aspirin nine months before. 

^ Physical examination found the patient in no dis- 
tress at rest and well developed with a full, but not 
webbed, neck. The supine blood’ pressure was 
168/90 mm Hg in the left arm and 180/95 in the 
right. The heart rate was 60 beats/min with occa- 
sional extrasystoles. The lung fields were clear. A 
systolic murmur was heard over the left chest poste- 


_tiorly and radiated toward the midline and left renal 


fossa. Anteriorly, the murmur was heard over the left 
pectoral and manubrial areas. There was no jugular 
venous distension and the carotid arterial pulse was 
normal. An apical mid-systolic murmur and click 
were heard but no diastolic murmurs were heard. 
Examination of the abdomen showed no organ 
enlargement. The femoral pulse and more distal 

pulses of the legs were delayed and markedly dimin- ' 
ished in volume. Systolic pressure at the ankles, reg- 
istered with the Doppler ultrasound device, was 
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75mm Hg at rest while supine and 70 mm Hg after 
exercise. 

The electrocardiogram displayed normal sinus 
rhythm and large voltages characteristic of left ven- 
tricular hypertrophy. Chest x ray showed normal 
cardiac dimensions and pulmonary vasculature but 
there was evidence of mild rib notching. Cross sec- 
tional echocardiography showed normal chamber 





Figl Aortic angiogram in the left anterior oblique 
projection showing severe eccentric narrowing beyond the 
origin of the left subclavian artery as well as a large filling 
defect at the site of narrowing (arrow). 





Fig2 


Excised segment of aorta ( A) and graft (G) 
showing extensive thrombus ( T) compressing the lumen of 
the graft. 


RT 


dimensions. The aortic valve was not well visualised: 
however, intracardiac Doppler analysis 
strated aortic insufficiency, 


lemor 


CARDIAC CATHETERISATION 
ANGIOGRAPHY 

Right and left heart catheterisation was performed 
from the right antecubital approach. The pulmonar 
artery pressure was 30/14 mm Hg and the left ver 
tricular pressure was 240/16 mm Hg at rest. The car 
diac index measured by the thermodilution tech 
nique was 3 l/min/m?. Angiography showed sever 
eccentric narrowing of the descending aorta just dis 
tal to the origin of the left subclavian artery and 
large filling defect at the site of narrowing (fig ! 
Three aortic sinuses were identified and 
insufficiency (grade 2+) was demonstrated 


AND 


aortic 


SURGICAL 
COURSE 
Left thoracotomy was performed through the origi 
nal incision site at the level of the previously resected 
fifth rib. The area of original coarctation repair was 
identified and appeared well healed without evidence 
of infection. An aneurysmal dilatation approx 
mately 3:5 cm in diameter was found in the region of 
the proximal anastomosis. The proximal suture linc 
appeared to have dehisced along half its circum 
ference. Dissection around the graft and extensive 
thrombus formation had compressed the graft to less 
than 10°, of its potential diameter (fig 2). The distal 
suture line was intact and there was slight neointimal 
hyperplasia. The graft was excised and replaced with 
a new 18mm preclotted woven Dacron prosthesis 
and a Prolene suture was used to fashion the end to 
end anastomosis. Postoperatively, hypertension 
developed and treatment with intravenous nitro 
prusside, propranolol, and methyldopa was needed 
Eventually an oral regimen of labetalol and diuretic 
was sufficient to maintain pressure in the normal 
range and the patient was discharged from the hospi 
tal on the eighth postoperative day after an otherwise 
uneventful recovery. A month after operation she 
was symptom free, with no dyspnoea or claudication 
Blood pressure was well controlled, no murmurs 
were heard over the thorax, and pulses throughout 
the legs were strong. 


FINDINGS AND POSTOPERATIVE 


Discussion 


Repair of aortic coarctation by synthetic graft 
replacement has become increasingly common since 
its introduction in 1960, and the technique was used 
in approximately 65°, of patients in a series reported 
by DeBakey's group.' Features of coarctation calling 
for graft interposition include (a) involvement of a 
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long aortic segment in the coarctation, (5) a small 
calibre proximal aortic segment, (c) the need for 
resection of an associated aneurysm, (d) inelasticity 
of the aorta in older patients, and (e) technical intra- 
operative complications. In all forms of surgery for 
relief of coarctation, late morbidity and mortality are 
usually associated with residual hypertension and 
take the form of myocardial infarction, congestive 
heart failure, stroke, and aneurysm formation. 
Important aortic valve disease may also develop but 
complications directly related to the graft anas- 
tomotic suture line are unusual. 

Pennington etal reported an experience of the 
Massachusetts General Hospital with surgical treat- 
ment of aortic coarctation (1947-76).* Fifty nine 
(3694) of 164 patients underwent resection and inter- 
position grafting. Fifty three per cent of patients 
aged > 10 years and 66%, of patients aged > 40 years 
had interposition grafts. Only one of the late deaths 
was related to rupture of a pseudoaneurysm at a silk 
suture line. This was found 17 years after operation. 
There were no cases of restenosis in patients with 
synthetic grafts or even of relative stenosis caused by 
outgrowing the graft. 

Of the 190 patients who underwent surgical cor- 
rection of coarctation of the descending aorta at Bay- 
lor, late postoperative mortality occurred in 18 
cases.! Two thirds of these deaths were attributed to 
myocardial infarction or heart failure. Fatal rupture 
of aortic aneurysm occurred in two cases. Late 
morbidity developed in 14 patients: recurrent 
coarctation in three, true aneurysm in four, and 
pseudoaneurysm in one; six patients required aortic 
valve replacement. Aneurysms generally developed 
in patients with longstanding hypertension. The 
data provided mean that we cannot tell which 
patients were treated with synthetic grafts and which 
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by primary anastomosis, but the rather low rate of 
recurrent stenosis was ascribed to the high propor- 
tion of cases managed with grafts. 

Although resection and primary end to end anas- 
tomosis is the procedure of choice for repair of 
coarctation of the aorta, many patients, especially 
those undergoing late repair, require interposition of 
a synthetic graft. After reports of suture line failures 
with pseudoaneurysm formation? silk has been 
abandoned as a suture material for graft anastomosis. 
In patients presenting with signs and symptoms of 
recoarctation long after initial repair by interposition 
of a synthetic graft, the differential diagnosis 
includes coarctation at a second site, stenosis within 
the graft, or functional stenosis related to further 
growth of the aorta. Though less common, the possi- 
bility of a significant anastomotic complication, such 
as occurred in our patient, warrants prompt evalu- 
ation if catastrophic rupture is to be avoided. 
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í “SUMMARY: IA '60 year old ian’ was i adinitted with acute ‘back Pall followed by EA An 


aneurysin. of the ductus arteriosus: Botalli was diagnosed andan, operation was recommended 


‘because’ of the’ high risk of complications such as rupture, embolism, or infection. The patient and 


his ‘family. refused surgery, ‘however. The patient died: suddenly. of a rupture of the aneurysm a 
_ year later;: necropsy, confirmed the diagnosis. ‘Several diagnostic methods were used and enhanced 
- computed tomography” gave the best. representation of thè aneurysm as it was seen at necropsy. 


1 


aneuryymectomy, 


$ This“ case ` indicates. -that ` enhanced. .coinputed tomography is- probably the most useful 


investigation: in patients with- this. type of aneurysm and it- confirms the: io of an 
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“An: AA of the CHA arteriosus:Botglli i is an 


uncommon cardiovascular anomaly. Cases in adults . 


. are rare; only 22 chad been reported by;1984.'? We 


` report- a case of: an aneurysin of a non-patent ductus . 


arteriosus in an adult. In this.case the diagnosis was 


^ made clirically but surgery was refused.and death 
- occurred ‘suddenly about- One year after diagnosis. 
. Necropsy, showed a left, haemothorax” caused by a 


+ Case report -" ED 3» ee i 


‘ruptured aneurysm ;of-'a-non- patent ductus: arte-- ^ 
.. riosus. This, case raises,several important issues— - 
. such as the, most useful E methods and dithe 


importahce, of; ‘surgery. 


nN 


j Á 60 year aida man was b adienitied with acute severe 


back pain followed "by hoarseness i ‘in January 1983." 


E Five .days ‘before admission’ he had had acute back 


and left recurrent nerve paralysis was diagnoséd. He 


was reférred to the: ' cardiovascular department : 


" becáuse of an’ abnormally large aortic shadow on. the 
< Chest x ray. He’ hadd 10: year history of. diabetes 
-. mellitus and. hypertension, which were well ‘con- 


-trolled. There-was no history of chest trauma. 

- Àt admission blood Pressure was. 142/90 mm Hg 
“and a grade 3/6 mid- -Systolic murmur was ‘audible at 
_ the uisa: -area BE second ihtereostal space 

ec v AE à r ^ ^ 7 
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along. the left sternal border). A chest x ray showed 
'a smooth rounded dense area in the left hilar region 


that was ‘contiguous with the aorta, reduced lung 
markings throughout the left lung, and a cardio- 
‘thoracic. ratio: of: 0:54, The electrocardiogram dis- 


' closed. right ventricular hypertrophy (fig D. A 


serological test- for' syphilis was negative. An 
enhanced computed tomogram óf the chest showed a 
large aneurysm between the ascending aorta and the 
descending aorta- that contained a mural thrombus 
(fig 2);- The ` maximum transverse diameter of the 
aneurysm -was 118mm. A pulmonary scintigram 


-— showed absence: of left lung perfusion. Right heart 


catheterisation showed mild elevation of right ven- 


tricular pressure (51mm Hg systolic/6 mm Hg end 


diastolic) and “a "systolic pressure gradient of 
25 mm Hg! between the main (52/6 mm Hg) and right 


i pulmonary: arteries ‘(27/8 mm Hg). This systolic 
"pain lasting all day. He visited, the otolaryngological...- 
department of our hospital. because of hoarseness, ~ 


Pressure gradient i was thought to be the cause of the 
heart murmur in’, this patient. Pulmonary arte- 


: riography showed that thé left pulmonary artery was 


completely. obstructed at its origin. The laevophase . 


of the same . arteriogram showed a large aortic 


aneurysm protruding from the inferior border of the 


: aortic arch’, 


"Because. of. die high risk of fatal aaan 


i such’ as rupture,: -embolism, and infection, operation 


was recommended, -but:the patient and his family 
refused it and he was discharged. He was treated 
medically, to reduce afterload. On 13 December 1983 


` the patient again presented with severe chest pain, 


* Department, "Kyoto" Kaisra “Hospital, 17^ Hirao-Cho ` Yamada ‘which lasted until he died early ‘the next morning. 


Necropsy showed approximately 2 litres of bloody 
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Fig 1 
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Heart rate 86 beats/min 


I II III aVR aVL aVF 
Tdi AJ M KAA A “~w RE DA x 
V1 V2 v3 V4 V5 V5 V6 


Chest radiogram (left) and electrocardiogram (right) on admission. There is a smooth rounded dense area in the left 


hilar region contiguous with the aorta and reduced lung markings throughout the left lung. The electrocardiogram disclosed 


right ventricular hypertrophy. 


pleural fluid in the left pleural cavity and a ruptured 
large thoracic aneurysm surrounded by the aortic 
arch. The aortic ostium of the aneurysm was patent 
and was located at the site of the ductus arteriosus 
Botalli. The pulmonary end of the aneurysm was 
closed. This ligamentum arteriosus was not 
identified because of severe adhesions between the 
main pulmonary artery and the aneurysm. Most of 





Fig 2 
aneurysm ts located between the ascending aorta and the 
descending aorta. Most of the aneurysmal cavity ts occupied 
by a mural thrombus. AA, ascending aorta; DA, descending 
aorta; AN, aneurysm. 


Enhanced computed tomogram of the chest. A large 


its cavity was occluded by a mural thrombus and 
only the central part of the aneurysm was patent. 
The aneurysm protruded anteriorly and to the left. 
There was a rupture 5cm long on the anteroinferior 
wall of the aneurysm. The aneurysm completely 
compressed the left pulmonary artery and mod- 
erately compressed the right pulmonary artery. The 
right ventricle showed concentric hypertrophy; its 
wall was 4mm thick. There was severe athero- 
sclerosis with calcification in the aorta. 


Discussion 


Aneurysms originating from the ductus arteriosus 
Botalli are called ductal aneurysms. When the aortic 
ostium of the duct fails to close the systemic blood 
pressure in the aorta may lead to aneurysmal 
dilatation of the duct.? * 

Aneurysm of the ductus arteriosus Botalli was 
first described by Martin er al in 1827°; only 22 adult 
cases had been reported by 1984. Although *'the 
prognosis in the majority of infantile ductus arte- 
riosus aneurysms without treatment is good", in 
adults rupture, embolism, or infection are common 
fatal complications. Mitchell et al noted that 60°, of 
reported patients died of complications related to 
the aneurysm.' Operation is recommended for 
aneurysms that are > 3cm in diameter, if symptoms 
indicate that an adjacent organ has been affected by 


A ruptured large aneurysm of the ductus arteriosus 


the aneurysm, or if there is progressive enlargement 
of the aneurysm.! 5 In our case we advised oper- 
ation but unfortunately the patient and his family 
refused. The patient died a year after diagnosis of 
the aneurysm. 

This case indicates that operation may be manda- 
tory. A correct diagnosis is essential especially 
before operation. In our patient enhanced computed 
tomography gave the most reliable information and 
was as useful as invasive examinations such as angio- 
cardiography. Until now angiocardiography has 
been considered to be one of the most reliable tools 
for the diagnosis of aneurysms, although there is a 
risk of rupturing the aneurysm when contrast 
medium is injected into the aorta under high pres- 
sure. We recommend enhanced computed tom- 
ography as a very useful tool for diagnosis of 
aneurysm of the ductus arteriosus. It should lead to 
"the correct preoperative diagnosis and the proper 


surgical management".* 


We thank Dr Alice S Cary, and Dr Yasuyuki 
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Nakamura for their help in the preparation of this 
paper. 
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Entanglement of embolised thrombus with an 
endocardial lead causing pacemaker malfunction and 
subsequent pulmonary embolism 


RA PERRY, D B CLARKE, M F SHIU* 


From the Departments of Cardiovascular Medicine and *Cardiothoracic (PHERI Queen Èlizabeth Hospital, 


Edgbaston, Birmingham 


SUMMARY A 67 year old woman with a' permanent pacemaker was admitted with pulmonary 
oedema and mitral valve incompetence two months after a' myocardial infarction. Echo- 
cardiograms showed good left ventricular function arid a large coil of apparent thrombus in the 
right atrium prolapsing into the right ventricle. Intermittent loss of pacemaker sensing.and cap- 
ture was noticed on admission and probably caused the “supraventricular tachycardia and 
ventricular fibrillation that occurred before an exploratory bypass operation. At operation 
rupture of the papillary muscle was found and the mitral valve was replaced. A large piece of 
thrombus was retrieved from the right pulmonary artery. The right heart contained no clot and — 


the pacemaker wire was not displaced. 


It is envisaged that the strand of venous thrombus was caught in the permanent pacing wire at . 
the tricuspid valve level resulting in an unusual case of pacemaker- malfunction. The eventual. 
poor outcome was almost certainly influenced by the arrhythmias and pulmonary embolism 
caused by the clot and might have been avoided by early-operation. 


Thromboembolism associated’ with endocardial 
pacing leads has been described in many forms.!~3 
The thrombi usually form in situ, especially around 
the entry site; they propagate centrally and result in 
venous obstruction and pulmonary embolism. Ser- 
ous haemodynamic disturbances, sometimes leading 
to sudden death, have been described.* We report 
here a patient with a deep vein thrombus that 
became entangled with an endocardial pacemaker 
lead and caused pacemaker failure. 


Case report 


A 67 year old woman was admitted with increasing 
shortness of breath and orthopnoea. A permanent 
pacemaker had been inserted nine months earlier for 
complete heart block that was discovered before a 
hysterectomy operation. The pacemaker was a ven- 
tricular demand system which could not be pro- 
grammed. Two months before the. 
admission she-was treated in another hospital for an 
inferior myocardial infarction. This was compli- 
Requests for repnnts to Dr R A Perry, University Department of 
Cardiovascular Medicine, The Queen Elizabeth Hospital, Quen 
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cated by congestive cardiac failure and mitral regur=. 
gitauon. Initially, her heart failure had been 
controlled by daily doses of digoxin 0 0625 mg, frus- - 
emide 80 mg, and spironolactone 100 mg, with cap- 
topril 12:5 mg three times a day. On examination-at- 
this admission she was dyspnoeic at rest. The heart 
rate was 80 beats/min and irregular. Thé blood pres- 
sure was 110/70mmHg and the jugular venous 
pressure was elevated by 5cm. There was an apical 
systolic murmur radiating to the axilla and bilateral 
basal rales.in the chest. At admission the electro- 
cardiogram showed sinus rhythm with atrial and 
ventricular extrasystoles. Inappropriate pacing arte- 
facts caused by undersensing of the pacemaker sys-- 
tem occurred when the patient lay on her right side. 
There was also evidence of intermittent exit block. 
Chest x ray showed cardiomegaly, pulmonary 
congestion, and the pacing wire.in the-normal posi- 


tion. She was treated with bed rest and the dose of .' - 


diuretics was increased. A diagnosis of recent myo- 
cardial infarction was excluded and plans were made 
to investigate her with a view to mitral valve replacé- 


- ment: ‘Pacemaker malfunction was unexplained. 


Cross. _sectionel echocardiography showed good: 
left ventricular" function. OEN a sus- 
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Thrombus on an endocardial pacing lead 





Fig 1 


picious mass was seen prolapsing through the tri- 
cuspid valve (fig 1). It appeared to be related to the 
wire, though no points of attachment to the wire or 
the tricuspid valve could be seen. The features were 
thought to be consistent with an intracardiac clot or 
myxoma and right heart catheterisation was avoided. 
Left heart catheterisation was performed and the left 
ventricular cineangiogram confirmed severe mitral 
regurgitation with good overall ventricular function. 

A day after admission she had an episode of spon- 
taneous ventricular tachycardia while lying on her 
right side and the next day ventricular fibrillation 
developed. This responded to cardiopulmonary 
resuscitation and DC cardioversion. It was decided 
that the arrhythmia was due to pacekmaker under- 
sensing. Further episodes were prevented by sup- 
pression of the permanent pacemaker with an 
external pacemaker and skin electrodes. Her general 
condition deteriorated and the planned mitral valve 
replacement was brought forward. On the morning 
of the operation a repeat echocardiogram showed 
that the right sided echo was normal apart from the 
presence of an endocardial wire. At operation the 
right atrium and ventricle were empty and the 
pacing wire was embedded in the tip of the right 
ventricle. In view of the echocardiographic findings 
the pulmonary artery was opened. A 5 cm by 1:5cm 
thrombus was removed from the right pulmonary 
artery. Exploration of the left heart showed papillary 


Apical view of cross sectional echocardiograph showing right ventricle containing thrombus (arrowed) round 
pacing lead in diastole (a) and empty right ventricle with thrombus in right atrium in systole (b 


muscle rupture; mitral valve replacement 
ried out as planned. 


The sausage shaped thrombus had a smoot 


in the mid-portion suggesting that this was 


of entanglement with the pacemaker wir 
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The histological appearance of the thrombus 


typical of a venous cast of a clot arising fr 


deep veins. 

After operation progressive renal failur 
oped. The patient had a stroke and died 
chopneumonia nine days after operation 


Discussion 


There were some salutary lessons to be learned fr 
this case. The predominant cardiac problem 
myocardial infarction complicated by papillary n 


cle rupture causing congestive cardiac failure. Witt 
out mitral valve replacement it is unusual 
patients with post-infarction rupture of the papillar 
muscle to survive more than a few day 


patients have survived for up to three mont 
complete papillary muscle rupture as was 
with our patient. With partial rupture the 
more favourable with up to 40°, of pat 
viving for more than a month.? 


Nom 


The preoperative course in this patient was « 


plicated by  supraventricular 
arrhythmias induced by 


and vent 
pacemaker malfur 


rump 
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Fig2 


Subsequent electrical testing of the demand pace- 
maker showed that it was working normally as was 
the endocardial lead, which was intact and 
embedded securely in the apex of the right ventricle. 
On the basis of our echocardiographic observations 
we believe that the intermittent pacemaker mal- 
function, which was clearly related to posture, was 
due to the pacemaker wire being pulled during sys- 
tole by the prolapse of the entangled mass (fig 2). 
The pacemaker was suppressed and the patient had 
no further arrhythmic events before operation. In 
the postoperative period the pacemaker functioned 
normally on demand. 

The shape and histology of the thrombus suggest 
that its source was the deep veins. There have been 
several reports of the detection by echocardiography 
of entrapment of thrombi in the right atrium and the 
tricuspid apparatus.” '° Attempts may be made to 
remove the thrombus surgically or to allow the 
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Thrombus removed from right pulmonary artery showing full length ta) and likely association with pacing wire (b). 


thrombus to resolve after treating the patients with 
anticoagulants. Brown and Anderson have reported 
reduction in thrombus size and mobility in a patient 
treated with heparin followed by oral anti- 
coagulants; however, their patient was too frail for 
operation.'' Come reports a patient who continued 
to have pulmonary emboli despite treatment with 
both streptokinase and subsequent heparin.'? In a 
small series Felner etal showed that despite anti- 
coagulation half their patients eventually required 
surgery for repeated pulmonary emboli from right 
atrial thrombi.'* In one patient, however, resolution 
occurred without any treatment. In the same paper a 
review of published reports suggested that immedi- 
ate removal of thrombus under cardiopulmonary 
bypass is the treatment of choice. In none of these 
cases, however, was the thrombus associated with a 
pacemaker. 

It is difficult to say to what extent the pacemaker 


* 


“Thrombus. on an endocardial pacing lead : 24 


thrombus contributed to the patient’ s. death. The 
clinical, state ‘deteriorated sharply after, an episode of: 
ventricular ` fibrillation . during which :cardio- 
pulmonary n massage. was performed before success-. 


ful DC cardióversiori. If the. thrombus had been ' p 
` removed 'surgically soon after its détection by echo- - i 


cardiography there ‘would have been: no-risk of its. 
- becoming dislodged into the pulmonary Circulation 
during this period"of mechanical’ asystole and phys- 


ical disturbance. ‘Even: if the ventricular fibrillation . 


: had been a. direct. consequence of clot ‘embolisation, ... 
$ éarly surgery’ would also have remoyed, this risk. 


"Td, óur knowledge this is the first. report of a sling. l 


: of émbolising clot around an endócardial pacing lead * 


causing pacemaker malfunction and subséquent pul-. - - 


monary, embolism: “Although ' our , patient; hada" 
. potentially - léthal "condition : and: "póst-infarctión ~ 
mitral incompetence; . both: thesé -additional factors: 


` "almost; certainly contributed’ to, the. outcome. The . ^ 


case confirms the usefulness: ‘of CrOSS' sectional- rs 
: cardiography i inthe diagnosis of right sided thrombi. . 
~ In this case early surgical intervention and. femoval ` 
’ of the thrombus might have altered. thé outcome. We,” j 
; Believe that in such’ cases ‘urgent: “surgical inter- ^ 


. vention, should be considered at an.early stage in dn '' 


“effort to avoid pulmonary, embolism and its compli-: * 
cations; "Although right: sided thrombi’ are uncom- ' 
-mon dnd a very. rare’ cause of .Pacemaker'. 
“malfunction, ; “cross sectional echocardiography may. 
.. be useful, as in this Case; ‘in: instances, of ‘otherwise | 
v bnexplained i intermittent it pacemaker failure. _ ear 
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A case of heterozygous Fabry's disease with a short 
PR interval and giant negative T waves 


AKIHIRO YOKOYAMA, MASARU YAMAZOE, AKIRA SHIBATA 
From the First Department of Internal Medicine, Niigata University School of Medicine, Niigata, Japan 


SUMMARY A 55 year old woman with heterozygous Fabry's disease presented with cardiac symp- 
toms. The electrocardiogram showed a PR interval of 0-12 s and giant negative T waves, sug- 
gesting apical hypertrophic cardiomyopathy. Endomyocardial biopsy, however, revealed myelin 
like substances characteristic of Fabry's disease. Increasing thickness of the left ventricular wall 
was seen by echocardiography over a period of five years. A deficiency of « galactosidase activity 
in the leucocytes confirmed the diagnosis of Fabry's disease, although this patient had neither 
angiokeratoma or proteinuria. 

The possibility of Fabry's disease should be considered in patients with cardiomegaly of 
unknown cause and the following electrocardiographic abnormalities: (a) a PR interval «0-125, 
(b) high voltage QRS complexes in the left precordial leads, and (c) giant negative T waves. 


Fabry's disease is a sex linked recessive disease. Het- 
erozygous female cases seldom show overt symp- 
toms,! and there are no previous reports of any 
presenting with cardiac symptoms. We report a case 
of heterozygous Fabry's disease that was confirmed 
by endomyocardial biopsy. 


Case report 


A 50 year old woman was admitted to the hospital of 
Niigata University School of Medicine in November 
1980. She had complained of anterior chest pain and 
easy fatigability since the summer of that year. 

On physical examination we found no der- 
matological abnormality. Her blood pressure was 
126/60 mm Hg. Heart sounds were normal and no 
heart murmur was audible. There was no ankle 
oedema. The electrocardiogram showed a PR inter- 
val of 0-12 s and giant negative T waves in leads V5 
and V6 (fig la). The chest radiograph showed no 
abnormality and the cardiothoracic ratio was 0-46. 
On M mode echocardiogram the thicknesses of the 
interventricular septum and the left ventricular pos- 
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terior wall were 0-9 and 1-Ocm respectively (fig 2). 
Cross sectional echocardiography showed slight 
hypertrophy of the left ventricular apical area. There 
was no proteinuria. Concentrations of serum urea 
nitrogen and serum creatinine were 14mg/dl and 
0-8 mg/dl respectively. 

Because the electrocardiographic findings were 
suggestive of apical hypertrophic cardiomyopathy 
we performed.right and left heart catheterisation. 
The cardiac index was 2:9 l/min/m? and left ventric- 
ular end diastolic pressure was 4mm Hg. Coronary 
angiography showed no significant obstructive 
lesion. The left ventricular angiogram showed slight 
hypertrophy of the wall of the apical area. The left 
ventricular ejection fraction was normal (78%). 
Endomyocardial biopsy of the right side of the intra- 
ventricular septum showed slight hypertrophy 
(mean 19 um) and a focal mild degree of disarray of 
muscle cells. In about two thirds of the muscle cells 
granules or ring like deposits staining with toluidine 
blue and basic fuchsin were present both in the peri- 
nuclear zone and between myofibrils. In plastic 
embedded material the granules were demonstrable 
by the Kurotaki method? and electron microscopy 
confirmed the presence of myelinoid lamellar inciu- 
sions. The biopsy findings were those of Fabry's 
disease.? * 

The patient did not visit our hospital for five years, 
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Female Fabry's disease 


but early in the summer of 1985 her anterior chest 
pain and easy fatigability became severe, with addi- 
tional attacks of pain in the legs. She was readmitted 
to hospital in October with a one month history of 
fever. On physical examination, dry rales were heard 
at the base of both lungs and a fourth heart sound 
was audible. There was no ankle oedema. The chest 
x ray showed reticular shadows in both lower lung 
fields that were compatible with interstitial pneu- 
monitis. The cardiothoracic ratio was 0-54 and slight 
cardiomegaly was seen. The electrocardiogram 
showed that septal Q waves, present on the electro- 
cardiogram five years before (figlb), had disap- 
peared. The echocardiogram showed that thickening 
of the interventricular septal wall and the posterior 
wall had increased to 1-4 and 1-5cm respectively, 
with hypertrophy of the left ventricular wall, 
although there was no dilatation of the left ventricle 
(fig 2b). Her interstitial pneumonitis advanced and 
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was accompanied with generalised convulsions and 
evidence of disseminated intravascular coagulation. 
The patient eventually died 32 days after admission 
to hospital. 

At necropsy the heart weighed 540 g and the left 
ventricle showed concentric hypertrophy. There was 
hypertrophy and fibrosis of the myocardium, partic- 
ularly in the ventricular septum. These findings are 
compatible with hypertrophy of the ventricular wall. 

Alpha galactosidase activity was assayed by a 
fluorescence method with 4-meltylumbellibryl-D- 
galactopyranoside (Koch-Light) as a substrate. The 
x galactosidase activity of her leucocytes was 
12-4nmol/mg protein (normal (mean (SD)) 67-9 
(16:2)).5 

The patient's 27 year old daughter was found to be 
a carrier of the disease, although she was symptom 
free. Her electrocardiogram showed ST-T changes 
in leads II, III, and aVF. 








A 


Figl An electrocardiogram. (a) recorded in 1980 showing a 
waves in leads V5 and V6. There is no septal Q wave on the 
this was present 5 years before. 


PR interval of 0:125 and giant negative T 
iogram (b) recorded in 1985; 





Fig2 


An M mode echocardiogram taken in 1980 (a) and 
a cross sectional and M mode echocardiogram taken in 
1985. LA, left atrium; LV, left ventricular cavity; IVS, 
interventricular septum; PW' posterior wall; RV, right 
ventricular cavity. 


Discussion 


The reported incidence of Fabry's disease in the 
United States is 1 in 40 000. The disease is known to 
show multiple clinical manifestations related to 
deposits of ceramide trihexoside and ceramide in the 
systemic organs. Its clinical manifestations include 
angiokeratoma, proteinuria, and oedema of the lower 
legs and eyelids. It is a sex linked recessive condition 
and the heterozygous type when it occurs in females 
is rarely clinically apparent, with corneal symptoms 
alone being observed in most cases.! Female patients 
with Fabry's disease showing cardiac involvement 
are uncommon. Burda et al first reported a case of 
Fabry's disease with cardiovascular disorder as the 
main symptom.” They described a 47 year old 
woman who died of renal and cardiac insufficiency. 
Since then two cases in which there were cardiac 
manifestations have been enzymologically stud- 
ied.? * In these cases, however, hemizygotic Fabry's 
disease was diagnosed from the dermal findings, pro- 
teinuria, and family history. The mechanism of the 
occurrence of Fabry's disease as a sex linked 
recessive hereditary condition in females had been 
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explained by the hypothesis of Lyon which states 
that one of the two X chromosomes in the cell is 
activated while the other is inactivated." Indeed, 
Romeo and Migeon demonstrated two types of 
clone, one with normal x galactosidase activity and 
one with reduced x galactosidase activity in cultured 
skin fibroblasts from a patient with heterozygous 
Fabry's disease.'? 

The patient presented in this report had electro- 
cardiographic findings suggestive of apical hyper- 
trophic cardiomyopathy.'' !? The echocardiograms 
and left ventriculograms obtained in 1980 showed 
only mild hypertrophy of the left ventricular apical 
wall, and Fabry's disease was first suspected because 
of the results of endomyocardial biopsy. The serial 
M mode echocardiograms showed increases in the 
thickness of the interventricular septum from 0:9 to 
1-4 cm and the left ventricular posterior wall from 
1:0 to 1:5cm. The cross sectional echocardiograms 
obtained in 1985 also showed considerable concen- 
tric hypertrophy of the left ventricle. There has been 
no previous report describing such a progression of 
cardiac findings in Fabry’s disease. 

It has been reported that the PR interval is often 
<0:12s in Fabry's disease.'* '* According to Matsui 
et al," the mechanism of this short PR interval 
is an electrophysiologically accelerated conduction 
through the atrioventricular node, possibly caused 
by adherence of glycolipids to the atrioventricular 
node. It is interesting that the PR interval is short in 
patients with Pompe's disease—that is glycogenosis. 
None the less, there has been no report of an associ- 
ation between apical hypertrophic cardiomyopathy 
with giant negative T wave and a PR interval 
X0-12s. Therefore, if both these findings, a PR 
interval € 0-12 s and giant negative T wave, are seen 
together, it raises the possibility of Fabry’s disease, 
even, as in the present patient, in the absence of 
angiokeratoma or nephrotic disorder. 


We thank Dr I Hozumi, Dr M Nishizawa, and Dr T 
Miyatake who measured the activities of x galac- 
tosidase; Dr T Izumi and Dr F Masani who per- 
formed part of the endomyocardial biopsy; and Dr 
D G Gibson, for help in preparing the manuscript. 
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Notices 


British Cardiac Society 


The Annual General Meeting for 1987 will take 
place in Dundee on 8 and 9 April 1987, and the clos- 
ing date for receipt of abstracts was 6 January 1987. 

The Autumn Meeting will be held at the 
Wembley Conference Centre, London, on 24 to 26 
November 1987, and the closing date for receipt of 
abstracts will be 10 July 1987. 


Pacing and electrophysiology 


The 8th Annual Scientific Session, North American 
Society of Pacing and Electrophysiology will take 
place in Boston on 30 April to 3 May 1987. Further 
details from: NASPE, 13 Eaton Court, Wellesley 
Hills, MA 02181, USA. 


Heart research 


The 9th Annual Meeting of the International Soci- 
ety of Heart Research (ISHR), American Section, 
will be held in Boston on 8 to 12 September 1987. 
Inquiries to: Dr Joanne S Ingwall, Director, NMR 
Laboratory, Harvard Medical School, 221 Long- 
wood Avenue, Boston, MA 02115, USA. 
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Unusual echocardiographic appearance of 
intracardiac thrombi in a patient with 


endomyocardial fibrosis 


Sir, 
We were interested to read the report by Wiseman 
et al (1986;56:179-81) describing a patient with in- 
tracardiac thrombi which had echolucent centres. 
We recently encountered a similar echo- 
cardiographic appearance in a 72 year old woman 
admitted with cardiac failure. Cross sectional echo- 
cardiography showed biventricular dilatation with 
uniformly reduced ventricular function that was 





Echocardiogram in the parasternal short axis 
view at the level of the papillary muscles showing the mass 
with an echolucent centre. 


Figure 


compatible with a congestive cardiomyopathy. A 
spherical mass with a thin echogenic perimeter and a 
large echolucent centre was seen to be attached to 
the anteroseptal wall of the left ventricle just below 
the level of the papillary muscles. Although cardiac 
tumours can have small echolucent areas, we felt 
that the pos:tion and the clinical setting of this lesion 
made ventricular thrombus with liquefaction at its 
centre the most likely diagnosis. Despite anti- 
coagulation the patient sustained a left sided hemi- 
plegia ten days after admission and repeat 
echocardiography showed the lesion to be smaller 
and uniformly echodense. We believe that the echo- 
cardiographic findings were the result of a thrombus 
with a liquefied centre which subsequently became 
partly embolised. The histology in the case reported 
by Wiseman er al lends support to our presumptive 
diagnosis. 


M Buchalter, 

J P Bourke, 

S Tansuphaswadikul, 
Department of Cardiology, 
Freeman Hospital, 
Newcastle upon Tyne, 
NE7 7DN. 
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The largest range of portable 
ECG Machines available 


With the introduction of the new 3- 
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an unparalleled range of ECG 
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From the Department of Cardiology, Royal Infirmary of Edinburgh 


Fifty years ago, when the Cardiac Society of Great 
Britain and Ireland was founded, myocardial 
infarction was a well recognised, but hardly a com- 
monplace, diagnosis. A quarter century before, 
Obrastzow and Straschenko,! and then Herrick,” 
had recognised the clinical syndrome of coronary 
thrombosis, and in the intervening years Pardee,? 
Parkinson and Bedford;* and Wilson et. al* had 
defined the crucial role of electrocardiography in 
diagnosis. Yet Gilchrist, president of the Cardiac 
Society in its foundation year, had diagnosed the 
first case of myocardial infarction to be recognised in 
the Royal Infirmary of Edinburgh less than a decade 
earlier. It could be argued that in any event diagno- 
sis of myocardial infarction in 1937 was of prognos- 
tic, rather than therapeutic, importance, because 
apart from analgesia and bed rest (for at least a 
month, very strict for the first fortnight®) there was 
little else to offer: quinidine for ventricular arrhyth- 
mias; digitalis for atrial fibrillation; mercurial 
diuretics. There were no bedside monitors, 
defibrillators, f blockers, or loop diuretics. Yet, 
ironically, Tillett and Garner had already identified 
the fibrinolytic activity of streptococci,’ heparin was 
in use for venous thrombosis,® and within five years 
coumarin anticoagulants would have their first 
trials.? It took another twenty years before these 
concepts were first assembled into a fundamental 
attack on the immediate cause of infarction.!? 


How does it work? 


Coronary thrombosis, usually at the site of a rup- 
tured atheromatous plaque, causes the majority of 
acute myocardial infarcts.!!^!? The thrombus can 
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be dissolved by intracoronary or intravenous admin- 
istration of thrombolytic drugs without causing 
unacceptable bleeding complications.!*^!$ Assess- 
ment of success in restoring coronary patency is 
complicated by spontaneous reperfusion.!" 18 Coro- 
nary patency rates assessed by a single angiogram 90 
minutes after thrombolytic treatment are usually 
15-20% higher than reperfusion rates in vessels 
shown by pretreatment angiography to be occluded. 
On the other hand, the delay introduced by pre- 
treatment angiography may reduce the likelihood of 
successful thrombolysis. The patency rate associ- 
ated with intravenous streptokinase is probably in 
the range 55-75% if treatment is given during the 
critical period when limitation of myocardial dam- 
age is possible.!ó About 70% of reperfused vessels 
are left-with a significant degree of coronary stenosis 
at the site of initial occlusion.!? ?? The rate of early 
reocclusion is high in vessels with a very tight 
residual stenosis,?! but it 1s arguable whether the 
limited-amount of blood flow that such vessels pro- 
vide is of much value in maintaining myocardial 
viability. In patients with lesser degrees of obstruc- 
tion the severity of the residual stenosis tends to 
diminish with time.?? 

Estimates of reocclusion rates after coronary 
thrombolysis range from 12% to 40%.'®?3 There 
was clinical or angiographic evidence (or both) of 
reocclusion in 15% of the first 80 patients treated in 
Edinburgh who were followed up for a year or 
longer. Half the reocclusions occurred within the 
first week and three quarters within the first month. 


Is it worth while? 


Does coronary thrombolysis improve outcome in 
terms of survival and ventricular function, and 
which patients should have thrombolysis? Early 
trials were too small to answer these questions or not 
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designed to. answer them. A pooled overview by 
Yusuf and colleagues suggested an increase in sur- 
vival of 10-15% that was independent of any treat- 
ment delay within the first 24 hours,?* but more 
recent large individual studies give a different view. 
In the GISSI study 11806 patients (out of 31 826 
screened for entry) were randomised to receive 
either placebo or 1500000 units of streptokinase 
infused over an hour.?* Twenty one day survival 
was 10:7% in the treated group and 13-0% in the 
untreated group (p < 0-0002)—a reduction in mor- 
tality of 17%. Prospective stratification according to 
the delay between time of onset and symptoms indi- 
cated that the effect was almost entirely the result of 
improved survival in the groups treated within three 
hours of infarction (9 2% vs 12%) or between three 
and six hours (11:7 vs 14 1%). When the results in 
over 1000 patients treated within one hour were 
analysed an even greater effect was found— 
mortality was 8-2% in the treated group and 15-4% 
in the untreated group, an improvement of 46% in 
the chances of survival. 

The Netherlands interuniversity study confirmed 
the importance of early treatment in 533 patients 
randomised to a control group or a streptokinase 
group with or without coronary angioplasty. Infarct 
size (measured by plasma hydroxybutyrate dehy- 
drogenase activity) was reduced by 51% in patients 
treated within an hour, by 31% in those treated 
between one and two hours, and by 13% in those 
treated between two and four hours.?® Left ventric- 
ular ejection fraction, measured by predischarge 
cineangiography, was higher after thrombolysis 
both in patients with anterior infarcts and in those 
with inferior infarcts.?? 

The measurement of left ventricular function 
after infarction and thrombolysis is complex and 
results depend on the technique used and the time it 
is applied. Gated blood pool radionuclide ventricu- 
lography probably underestimates the effects of 
inferior infarction, whereas cineangiography must 
take account of changes in phase of left ventricular 
wall movement as well as changes in amplitude. In 
the GISSI study the reduction in mortality was 
most pronounced in those with anterior infarction— 
survival after inferior infarction was good in both 
the treated and untreated groups. Improved survival 
was also more likely after first infarcts than after 
recurrent infarcts, perhaps because these are associ- 
ated with reduced myocardial reserve and need more 
effective restoration of perfusion than that provided 
by the GISSI protocol. The importance of early 
treatment in preserving myocardial function accords 
with laboratory studies of the rate of myocardial 
necrosis after coronary occlusion.?? Very early treat- 
ment may not only limit infarction but may also pre- 
vent it.?9 ?9 


de Bono 
Who should get thrombolytic treatment? 


'The most obvious message coming from these clini- 
cal trials is that patients with anterior infarcts who 
have had major symptoms for less than three hours 
are the most likely to benefit. Clinical trials may pro- 
duce their own artefacts, however, and uncertainty 
over the duration of symptoms may exclude patients 
with “stuttering” infarction who might benefit par- 
ticularly. Global measurements of left ventricular 
function are also more sensitive to anteroapical aki- 
nesis than to the changes induced by right coronary 
artery occlusion. At present, it seems reasonable to 
propose that whatever the duration of symptoms 
patients with persistent ischaemic chest pain and ST 
elevation that are unresponsive to nitrates and 
patients with unstable angina and angiographically 
demonstrated intracoronary thrombus should be 
considered for thrombolysis. 

The main contraindication to coronary throm- 
bolysis is a zisk of haemorrhage because of known 
peptic ulceration, head injury, traumatic resusci- 
tation, or recent surgery. The individual risks must 
be weighed against the potential benefits. 


How should it be done? 


For practical reasons the intravenous route is much 
more widely applicable than the intracoronary 
one.?! Streptokinase is by far the most widely used 
thrombolytic drug. The cost of urokinase in many 
countries remains prohibitive, but 1ts relative lack of 
antigenicity may be useful for repeated treatments. 
Tissue plasminogen activator? ?^ and acylated 
plasminogen streptokinase complex (APSAC) (BRL 
26921, Eminase)?? are likely to be marketed in some 
countries in the near future, but at present they are 
available only for use in research studies. The most 
popular regimen for giving intravenous strep- 
tokinase is that developed by Schroder and 
colleagues! from the original “high dose, short 
time" concept of Breddin et a1. 1500000 units of 
streptokinase are given intravenously over 60 
minutes in 100 ml of 5% glucose. This may be pre- 
ceded by chlorpheniramine 10 mg and a steroid—for 
example hydrocortisone 100 mg—to suppress aller- 
gic reactions. The possible role of platelets has been 
acknowledged in some regimens in which aspirin 
(100-300 mg) is given orally or intravenously (no 
parenteral aspirin preparation is currently available 
in the United Kingdom). Thrombolytic treatment 
should not distract attention from good medical care 
with analgesia, arrhythmia monitoring, and treat- 
ment of cardiac failure. Short term f blockade may 
help to protect the myocardium during throm- 
bolysis, and this treatment is currently being evalu- 
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ated in at least two trials. Nitrates on their own are 
'seldom effective in restoring coronary patency, but 
they may improve and maintain patency induced by 
thrombolysis.?? On the other hand, excessive doses 
of nitrates may produce deleterious haemodynamic 
effects, especially in inferior infarction. 

Indiscriminate venepuncture should be forbid- 
den, and a single cannula is usually sufficient for 
blood sampling and drug administration. If they are 
needed, pacemaker electrodes or Swan-Ganz cath- 
eters should be inserted via an antecubital or femoral 
vein: subclavian puncture is safer once the initial 
wave of thrombolysis has passed. In about 50% of 
patients in whom an occluded vessel is reperfused 
this will be signalled by an arrhythmia—usually a 
short burst of idioventricular rhythm, but 5-10% 
wil have ventricular tachycardia or fibrillation. 
Most, but not all, patients show a reduction in ST 
segment elevation. 


Follow up after thrombolysis 


Ideally an intravenous thrombolytic agent should be 
given as early as possible after infarction—perhaps 
at home or in an ambulance—and on arrival at hos- 
pital the patient should be taken immediately to the 
catheter laboratory.?5 ?? If the infarct related vessel 
is not adequately perfused, mechanical perforation 
with a guide wire or immediate angioplasty or both 
can be done. It can be argued?" ?? that immediate 
angioplasty of a residual stenosis in a patent vessel 
will improve perfusion and help preserve the myo- 
cardium, but this remains to be tested in controlled 
trials. 

Even if coronary angiography or angioplasty facil- 
ities are not immediately available it is worth while 
to give intravenous thrombolytic treatment. Reper- 
fusion can often be inferred from relief of pain, 
reperfusion arrhythmias, sudden reduction of ST 
elevation, and a rapid release pattern of plasma cre- 
atine kinase activity. Patients whose condition 
remains unstable with recurring pain and fluctuating 
ST elevation should-be transferred for emergency 
angiography; the remainder can have elective angio- 
graphy later. There is no answer yet to the question 
of whether subsequent intervention in the latter 
group should be based on angiographic appearances 
or on evidence of persisting myocardial ischaemia 
such as angina, a positive exercise test, or perfusion 
scanning. 

.. Our present policy is to perform elective coronary 
angiography four to six weeks after infarction in 
patients who have post-infarct angina or who are 
limited by symptoms to less than five minutes’ exer- 
cise on a standard Bruce protocol. We refer patients 
for angioplasty or bypass grafting according to the 
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angiographic appearances. Using these criteria, 
which are similar to those we use for post-infarction 
patients who have not had thrombolysis,?? ^? we 
refer approximately 25% of post-thrombolysis 
patients for coronary angioplasty or bypass grafting 
within a year of treatment. This proportion is simi- 
lar to the intervention rate reported by the Belfast 
group.*! In their view, however, elective angio- 
graphy should be performed in all patients. Many 
practitioners of thrombolysis believe that anti- 
coagulation, at least for the first month after throm- 
bolysis, 1s important in preventing reocclusion— 
but unfortunately evidence for this tends to be anec- 
dotal rather than based on the results of comparative 
trials. It is our policy to anticoagulate with heparin 
for three days followed by warfarin for up to three 
months. The current Intravenous Short Term 
Infusion of Streptokinase and GISSI 2 trials 
may provide more evidence for or against the 
importance of anticoagulation, and paradoxically 
anticoagulation may prove to be more important 
with-the more thrombus selective agents than with 
streptokinase. 


What proportion of myocardial infarct 
patients should have thrombolytic 
treatment? 


Murray et al concluded that only a small proportion 
of patients admitted to a London coronary care unit 
fulfilled the criteria for thrombolytic, treatment.*? 
Jagger and colleagues from Birmingham were more 
optimistic, and reckoned that thrombolysis would 
have been suitable for 50% of admissions.*? There 
are two problems with this type of study; first, the 
rigid entry criteria that are appropriate for a clinical 
trial of a new drug may not be so appropriate for 
therapeutic use. Second, the denominator should 
really be the number-of patients having infarcts in 
the community—which is much more difficult to 
measure than the number of admissions. Several 
clinical trials are under way to study methods of 
administering thrombolytic treatment before hospi- 
tal admission. Their results may provide a further 
incentive for the establishment and funding of rapid 
response or rapid admission schemes, which will 
need to be tailored to individual local requirements. 
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Prognostic value of predischarge 12 lead 
electrocardiogram after myocardial infarction 
compared with other routine clinical variables 


PAOLO FIORETTI, JAN GP TIJSSEN, AIDA J AZAR, ETTORE LAZZERONI,* 
R W BROWER,t HARALD J TEN KATEN,t JACOBUS LUBSEN, 
PAUL G HUGENHOLTZ 


From the Thoraxcenter, Erasmus Unversity, Rotterdam, the t Interuntversity Cardiology Institute, Rotterdam, 
the Netherlands, and * Divisione di Cardiologia, Ospedale Regionale, Parma, Italy 


SUMMARY The prognostic value of QRS score (Selvester), ST depression, ST elevation, extra- 
systoles, P terminal force in V1, and QTc derived from the predischarge 12 lead electro- 
cardiogram was assessed after myocardial infarction in 474 patients without intraventricular 
conduction defects, ventricular hypertrophy, or atrial fibrillation. The usefulness of these results 
in risk assessment was compared with that of other clinical data. During follow up 45 patients 
died. Logistic regression analysis showed that QRS score, ST depression, and QTc were inde- 
pendently predictive of cardiac mortality. When multivariate analysis was applied to clinical and 
electrocardiographic data together, however, the 12 lead electrocardiogram did not provide inde- 
pendent information additional to that provided by other routine clinical findings and laboratory 
tests such as a history of previous myocardial infarction, clinical signs of persistent heart failure, 
indication for digitalis or antiarrhythmic drugs at discharge, and enlarged heart on chest x ray. 
In conclusion, the electrocardiogram has important prognostic value; however, it is not power- 


ful enough to further improve the risk assessment of post-infarction patients. 


Some tests of cardiac function (mainly related to the 


detection of myocardial ischaemia, the quality of left - 


ventricular function, or the occurrence of ventricu- 
lar arrhythmias) have been used to assess risk after 
myocardial infarction. It 1s apparent that there is 
considerable overlap in the information derived 
from these tests.! Furthermore, because many hos- 
pitals cannot provide all these tests, which are 
expensive and in some cases risky for the patient, it 
is important to know how to make the best possible 
use of standard clinical and laboratory tests in risk 
assessments. 

The 12 lead electrocardiogram is valuable in risk 
assessment in patients after myocardial in- 
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farction.2~7 However, few studies have also deter- 
mined the usefulness of other clinical findings? or 
have used a multivariate analysis for variables that 
predict mortality. The routine 12 lead electro- 
cardiogram 1s an attractive tool for risk assessment 
in patients after infarction because it provides 
information on the extent of myocardial damage,? 
left atrium overload,'? presence of myocardial 
ischaemia,?!? ^ àrrhythmias,? ^ and electrical 
instability.* 5 

The aim of this study was to analyse the power of 
different variables extracted from the predischarge 
electrocardiogram to predict one year survival after 
myocardial infarction and to establish whether they 
provide information that is additional to that sup- 
plied by routine clinical findings and tests. The 
study was based on 474 hospital survivors of myo- 
cardial infarction without intraventricular conduc- 
tion defects, ventricular hypertrophy, or atrial 
fibrillation—all of which are markers of increased 
cardiac risk. 
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12 lead electrocardiogram after myocardial infarction 


'lTablel Data on the patients in whom clinical and 
electrocardiographic variables were studied 








No 1 year mortality 

Admitted with AMI 706 174 (25%) 
Hospital deaths 104 104 (10095) 
Discharged alive 602 72 (12%) 
Excluded 128 27 (21%) 

Lost to follow up 6 a 

Non-cardiac death 2 2 

Missing or bad quy 

predischarge ECG 36 3 (8%) 

IVCD and/or VH and/or AF 84 22 (26%) 

Study base 474 45 (9%) 





AMI, acute myocardial infarction, ECG, 12 lead electro- 
cardiogram, IVCD, intraventricular conduction defects; VH, 
ventricular hypertrophy, AF, atrial fibrillation. 


Patients,and methods 


From March 1981 to December 1983, 706 patients 
were consecutively admitted to the coronary care 
unit of the Thoraxcenter with a confirmed diagnosis 
of acute myocardial infarction. Four hundred and 
seventy four of the 602 hospital survivors form the 
base for this study (table 1). All these patients were 
followed for one year, with death as the end point. 
Table 2 shows the differences in selected baseline 
characteristics between 474 patients included in the 
study and 84 patients excluded because they had 
intraventricular conduction defects, ventricular hy- 
pertrophy, or atrial fibrillation. We used two sets of 
information to predict mortality—one derived from 
the predischarge 12 lead electrocardiogram and an- 
other based on the remaining clinical and laboratory 
findings obtained in hospital. 


ELECTROCARDIOGRAPHIC VARIABLES 

At discharge the standard 12 lead electrocardiogram 
was obtained on a three channel Hewlett Packard 
1513A recorder at a paper speed of 25 mm/s. The 
following electrocardiographic variables were mea- 
sured: the presence of ventricular extrasystoles, 
QRS score developed by Selvester,? ST depression 
(horizontal or downsloping) or elevation of > 1 mm, 
P terminal force in V1,?? and QT interval corrected 
for heart rate (QTc).*? The measurements were 
performed by one cardiologist who was unaware of 
the outcome of the individual patients. In a previous 
study we showed that when the QRS score was 
measured agreement between two independent 
observers was good. 


OTHER CLINICAL VARIABLES 

The other routine variables were age, sex, history of 
previous myocardial infarction, history of previous 
stable angina pectoris, peak serum creatine kinase, 
the worst Killip class while the patient was in the 
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coronary care unit, early post-infarction angina, 
“late” (2 72 hours after the onset of infarction) ven- 
tricular fibrillation, late sustained ventricular tachy- 
cardia or atrial arrhythmias, persistent heart failure 
after discharge from the coronary care unit, resting 
heart rate at discharge, cardiomegaly (cardiothoracic 
ratio > 5094), and signs of pulmonary congestion on 
predischarge chest xray, and medication at dis- 
charge (digitalis, diuretics, f! blockers, anti- 
arrhythmics, anticoagulants). Selection of these 
variables was based on clinical experience and pre- 
vious research in our clinic. 

Other tests performed before discharge such 
as radionuclide ventriculography at rest (in 417 
patients), symptom limited bicycle ergometry (in 
340 patients), and 24 hour ambulatory electro- 
cardiographic monitoring (in 310 patients), have 
been described elsewhere.! Cardiac catheterisation 
with coronary arteriography was performed in 235 
patients as an elective procedure or as part of a ran- 
domised trial of intracoronary streptokinase.!!~1 
Before discharge from hospital 46 patients had coro- 
nary artery bypass surgery, and 15 had percutaneous 
transluminal coronary angioplasty. 


STATISTICAL ANALYSIS 

Univariate analysis of the different electro- 
cardiographic and clinical variables was performed. 
Continuous variables were divided into thirds. The 
95% confidence intervals for the respective risk 
Tatios were calculated according to Miettinen and 
Nurminen’®; the first tertile was regarded as the 
reference group. If the 95% confidence interval 
exceeds 1, the association of the respective variable 
with the risk of dying within one year is statistically 
significant at the 5% level. 

In the multivariate analysis the logistic regression 
model was used to predict mortality. Thus the ob- 
jective was to find the combination of variables that 
most closely predicted mortality. As a general prin- 
ciple, we used indicator variables. These variables 


Table2 Differences of selected baseline characteristics 
between patients in the study group and those excluded from 
the study because of ventricular conduction defects, atrial 
fibrillation, or ventricular hypertrophy 





Study group Excluded p value 
No of pauents 474 84 — 
Age (yr) mean (SD) 57 (11 61 (10) 0 002 
Previous AMI (No (%)) 143 (30 26 (33) NS 
Late heart failure (No (%)) 63 (13 27 (35) 0 0005 
CTR > 50% (No (95) 95 (20) 34 (44) 0 0005 
EF (9$ (mean (SD))) 47 (14) 37 (17) 0 0005 
Extrasystoles (No (95) 19 (4) 6 (8) NS 
PTF (mm ms (mean (SD))) 20 (4) 26 (18) 0 0005 





AMI, acute myocardial infarction; CTR, cardiothoracic ratio, 
EF, left ventricular ejection fraction, PTF, terminal force of P wave 
in VI. 
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Table3 Mortality, risk ratios, and confidence intervals for the different electrccardiographic and clinical variables 
determined by univariate analysis 








95% 
No Mortality Risk ratio interval 
12 lead electrocardiogram 
QRS score 
«2 144 9 (6395) — = 
2-5 140 10 1%) 11 05-27 
>5 190 26 (13 7%) 22 1-1-45 
ST segment depression 
o ni 414 34 (82%) — = 
Yes 60 11 (18 3%) 22 12-40 
ST segment elevation: 
No 306 28 (92%) — x 
Yes 168 17 (10 1%) 11 06-19 
Extrasystoles 
No 455 43 (9-5%) — — 
Yes 19 2 (10:595) 11 0-3-3 5 
PTF: 
< 10mm ms 190 14 (7 An — — 
10-20 rmm ms 131 12 (92% 12 0-6-2-6 
> 20mm ms 153 19 (12-495) 17 0-9-3 2 
QTc 
< 400 ms 147 12 (8 133 — — 
400—440 ms 182 13 71% 09 04-18 
> 440 ms 145 20 (13 8%) 17 09-33 
Other clinical variables 
Age: 
< 50 yr 116 11 (95%) — — 
50—60 yr 165 11 (7%) 07 03-15 
. > 60 yr 193 23 (11-995) 13 0-6-2:5 
ex: 
Female 102 12 (11-8%) — — 
Male 372 33 (89%) 0-7 04-14 
Previous AMI 
No 331 21 (63%) — — 
Yes 143 24 (16 8%) 26 15-46 
Previous angina 
No 301 23 (7-696) — — 
Yes 173 22 (12 7%) 17 140-29 
Peak CK: 
« 300 IUA 194 14 (72% — — 
300—600 IU/1 121 16 (13 2% 18 09-36 
> 600 IU/ 159 15 (94% 13 0-7-2-6 
Killip class: 
I-II 439 36 (82%) — — 
I-IV 35 9 (25 7%) 31 16-57 
Early post-AMI angina: 
No 351 32 (91%) — — 
Yes 123 13 (10 6%) 12 0 6-2-1 
Late VF or VT. 
No 460 40 (87%) — — 
Yes 14 5 (35 7%) 41 1:8-7.8 
Late SVT or AF 
No 452 40 re} — — 
Yes 22 5 (22 7% 26 11-53 
Late heart failure 
No 411 27 rh — — 
Yes 63 18 (28 6% 43 25-73 
Heart rate at discharge: 
< 65 beats/min 185 12 ERRI — — 
65-75 beats/min 144 12 (8-396 13 0 6-2-7 
> 75 beats/min 145 21 (14 59$) 22 12-43 
i CTR > 50% 
No 379 24 (63%) — — 
Yes 95 21 22 1%) 35 20-5-9 
Pulmonary congestion 
No 445 39 (8-895) — — 
Yes 29 6 (20-794) 24 11-47 
Medication at discharge 
Digt 
No 383 24 (6 re — — 
Yes 91 21 (23 1% 3-7 2:1-6:2 


12 lead electrocardiogram after myocardial snfarction 


95% 
confidence 
j No Mortahty Risk rano interval 
Eee ies ss 
Diuretics. 
No 312 19 (61%) — = 
Yes 162 26 (16 0%) 26 15-46 
B blockers: 
No 205 :24 (11 7%) — — 
Yes 269 21 (78%) 07 04-12 
Antiarrhythmics. 
No 459 40 (8-796) — — 
Yes 15 5(33 3%) 3-8 17-74 
Anticoagulants: 
No 384 32 (83%) — — 
Yes 90 13 (14 4%) ; 17 0:9-3 1 


PTF, P termmal force m V1; AMI, acute myocardial mfarction; CK, serum creatine kinase; VF, ventricular fibrillation, VT, sustained 
ventricular tachycardia, SVT, paroxysmal supraventricular tachycardia; AF, Paroxysmal auia] fibrillauon or atrial flutter; CTR, 


cardiothoracic ratio, 


have a value of 1 if the property considered is 
present and 0 if it is not. Continuous variables were 
divided into thirds and indicator variables -for the 
middle and high risk categories were considered for 
inclusion in the model. The BMDP package was 
used; this selects, in a stepwise.fashion, predictor 
variables based on the maximum likelihood ratio. 
This provides a measure of significance and has an 
asymptotic y? distribution. Thus variables were in- 
cluded in the model if their inclusion substantially 
improved the log likelihood (p « 0-10) or if their 
removal led to a substantial decrease (p « 0-15). 
Forward selection and backward elimination of the 
variables yielded the same models. Two models 
were developed; the first was based on the 12 lead 
electrocardiogram variables alone, and the other on 
the clinical variables alone. 

The regression coefficients of each model have a 
direct epidemiological implication: each coefficient 
represents the log odds of dying when other vari- 
ables in the model are controlled. Its antilogarithm 
is the relative risk of the event considered. As an 
example, if the regression coefficient for previous 
myocardial infarction is 1, its antilogarithm (e!) is 
2-7. This means that the risk of dying within one 
year for patients with a previous infarction is 2-7 
times as high as it is for patients who had no pre- 
vious myocardial infarction. The coefficients are 
related to the relative odds. They are a good approx- 
imation for the relative risk because mortality is rare 
(45 out of 474 died, 9:5%). 


Results 


PREDICTION OF MORTALITY BY UNIVARIATE 
ANALYSIS 

Table 3 gives the results of univariate analysis of the 
percentage mortality. Of the 12 lead electro- 
cardiographic variables, QRS score and ST depres- 


sion phve Statistically significant risk ratios, while 
QTc and P terminal force in V1 were less predictive. 
Of the clinical variables, previous myocardial in- 
farction, preinfarction angina, Kilhp class III or IV, 
late paroxysmal atrial tachycardia or fibrillation, late 
heart failure, heart rate > 75 beats/minute, cardio- 
thoracic ratio > 50%, and pulmonary congestion 
on xray were all associated with significant risk 
ratios. Of the drugs being taken at discharge, three 
reached significance—digitalis, diuretics, and anti- 
arrhythmics. 


PREDICTION OF MORTALITY BY 
MULTIVARIATE ANALYSIS 
Table 4 (upper part) shows the results of stepwise 
logistic regression of one year mortality on variables 
in the 12 lead electrocardiogram. QRS score >5, 
presence of ST depression, and QTc > 440 ms were 
found to be of predictive value. In particular, the 
presence of a QRS score >5 or of QTc > 440ms 
was associated with a 1-8 fold increase in the pa- 
tient’s risk of dying within one year, and the pres- 
ence of ST depression multiplied the risk by 2:2. 
Table 4 (lower part) summarises the logistic re- 
gression results for the clinical variables. The pres- 
ence of previous myocardial infarction, late heart 
failure, indication for digitalis at discharge or a 
cardiothoracic ratio >50%, and an indication for 
antiarrhythmic drugs were all independently of pre- 
dictive value. As there are three variables related to 
pump failure: clinical signs of late heart failure, use 
of digitalis, and cardiothoracic ratio > 50%, the con- 
struction of the model cannot be straightforward. 
The regression model assumes multiplicativity of 
the different factors. That is, if two factors are 
present, each with a relative risk of 3, then the com- 
bined relative risk will be 3 x 3 = 9. As the three 
variables above to a large extent measure the same 
phenomenon, the assumption of multiplicity must 
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Table4 Variables eventually retained ın the logistic function of the risk of dying within one year 
No* Coeffiaent SE Relative risk Log likelihood 

12 lead ECG: 

QRS score > 5 190 06 03 18 

ST segment depression 60 08 04 22 142-2 

QTc > 440 ms 145 06 03 18 = 

Constant 474 —29 03 — 
Chnical variables: 

Previous AMI 143 11 03 30 

Late heart failure 63 11 04 30 

Digitalis or CTR > 50% 148 14 04 41 —1227 

Antigrrhythmics . 15 14 06 41 

Constant 474 —37 03 — 





**Number of patients 1n, whom the property considered was present. 
AMI, acute myocardial infarcuon, CTR, cardiothoracic ratio 


‘be questioned. We investigated this by using inter- 
action terms 1n our model. We concluded that digi- 
talis and a cardiothoracic ratio >50% can be 
combined. As a consequence, the relative risk of a 
patient with a cardiothoracic ratio-of >50% who 
also uses digitalis remains 4-1. If clinical signs of late 
heart failure are present, however, the relative risk 
increases to 12-1. This is also the case if the late heart 
failure is present with either a cardiothoracic ratio of 
>50% or digitalis treatment. 

The addition of the variables of the 12 lead elec- 
trocardiogram to the model already containing the 
other clinical variables gave only a marginally better 
fit for the data; the improvement of the log like- 
lihood was 0-32 (y? = 0 64, p > 0-60). From this we 
concluded that the variables of the 12 lead electro- 
cardiogram do not make an independent con- 
tribution to the prediction of one yeat mortality that 
is additional to that of the other clinical variables 
alone. Nevertheless, if clinical data are not available, 
the 12 lead electrocardiogram can, to a certain ex- 
tent, replace them. The mean predicted. probability - 
of dying for patients who actually died is 0-12 based 
on the electrocardiographic model and 0-23 based on 
the clinical model. This demonstrates the greater 
ability of the clinical variables to identify patients 
who will die prematurely. The mean predicted 
probability of surviving for patients who actually 
survived is 0-91 based on the electrocardiographic 
models and 0:92 based on the clinical model, demon- 
strating that survival can equally well be predicted 
by the electrocardiographic or clinical variables. 


Discussion 


There is a considerable overlap between information 
derived from non-invasive and invasive tests when 
assessing the prognosis of patients after myocardial 
infarction. The most efficient strategy, with the 


highest ratio of information to cost and risk, in an 
individual patient is not obvious. 

We have compared the prognostic value of tests 
that are not always performed at discharge, such as 
exercise testing, radionuclide ventriculography, and 
the 24-hour ambulatory electrocardiogram with that 
of other clinical variables.! 

In this study we assessed the prognostic value of 
the predischarge 12 lead electrocardiogram, which is 
routine and not expensive, to establish whether it 
provides information that is additional to the known 
clinical information and tests. 

We believe that our study is the first in which a 
consecutive series of patients admitted to one coro- 
nary care unit was sufficiently large to allow a multi- 
variate analysis based on predischarge- clinical and 
electrocardiographic variables; in which patients at 
relatively low risk were studied (those with conduc- 
tion defects, ventricular hypertrophy and atrial 
fibrillation were excluded); and which included, 
among other electrocardiographic variables, 
Selvester's QRS score? which in the past few years 
has been increasingly used to assess the extent of 
myocardial damage and the prognosis. In other 
studies, however, its prognostic value was not com- 
pared by multivariate analysis with that of other 
electrocardiographic or clinical variables. À large 
study by the Coronary Drug Project Research 
Group also determined the relative prognostic value 
of clinical and electrocardiographic variables in pa- 
tients after infarction.? The conclusion of that study 
of 2035 patients followed for three years was that ST 
depression 21mm of the “ischaemic” type was the 
most important independent risk predictor of all the 
clinical and electrocardiographic findings studied, 
including Q waves, ventricular conduction defects, 
atrial fibrillation, and extrasystoles. 

We confirmed that many electrocardiographic 
variables are predictive of survival (tables 3 and 4). 
'The highest risk ratios for mortality (2-2) were ob- 
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tained for ST segment depression. These figures ac- 
cord with those reported in the Coronary Drug 
Project Research study.? We, however, did not 
confirm the predictive value of extrasystoles and of 
ST elevation. This difference may be attributable to 
the different populations in the two studies. Patients 
entered the Coronary Drug Project Research study 
later (at least three months after the most recent in- 
farction) and patients with ventricular conduction 
defects and atrial fibrillation were included. Patients 
were followed for longer, up to three years, in the 
Coronary Drug Project Research study. We studied 
a consecutive series of patients evaluated at hospital 
discharge who did not have conduction abnormal- 
ities or atrial fibrillation; follow up lasted for a year. 
For hospital survivors of myocardial infarction the 
mortality is highest in the first three to six months.! 
Unlike the present study early deaths were excluded 
from the Coronary Drug Project Research study. 

In table 2 some predischarge variables of the 474 
patients in the study group are compared with those 
of patients excluded from the study because of ven- 
tricular conduction defects, hypertrophy, or atrial 
fibrillation. These data clearly indicate that patients 
with normal QRS pattern had much less extensive 
myocardial damage. This is consistent with their 
lower mortality during follow up. The electro- 
cardiogram 1s therefore helpful in distinguishing 
patients without signs of conduction disturbances, 
ventricular hypertrophy, or atrial fibrillation—a rel- 
atively low risk group—from those in whom at least 
one of the above conditions is present and in whom 
the risk of premature death is much higher. 

The QRS score and, to a lesser extent, P terminal 
force in V1 and QTc were also predictive of mor- 
tality (table 3). QRS score is directly related to the 
extent of myocardial damage® and it has been shown 
to correlate fairly well with left ventricular ejection 
fraction. In the present series the coefficient of cor- 
relation between radionuclide ejection fraction and 
QRS score was —0:53 (SEE 11%) in 417 patients. 
The coefficient was similar (r = —0:57, SEE 11%) 
when the analysis was limited to 296 patients with a 
first myocardial infarction. 

Others have shown that the P terminal force mea- 
sured from precordial lead V1 correlates with left 
atrial overload.? Siltanen et al reported that the P 
terminal force was the strongest independent pre- 
dictor of mortality derived from predischarge elec- 
trocardiogram in 457 post-infarction patients." ST 
segment abnormalities were the second. These 
workers, however, did not measure the Selvester 
QRS score. Their population was also different and 
they did not exclude patients with ventricular con- 
duction abnormalities or ventricular hypertrophy. 
In our study these patients had a greater P terminal 
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force in V1. This indicates more severe left ventricu- 
lar dysfunction (table 2); and there was a corre- 
sponding increase in clinical signs of heart failure 
and a lower ejection fraction in these patients 
(table 2). 

Mortality was higher in patients with prolonged 
QTc: in a seven year follow up of 55 patients with a 
recent infarction Schwartz and Wolf found that a 
prolonged QTc (>440ms) measured during serial 
electrocardiographic measurements increased the 
risk of sudden death by a factor of 2 1.4 More re- 
cently, Ahnve et al confirmed that a prolonged QTc 
1s predictive of premature death in patients after in- 
farction.5 When they used a cut-off of 440 ms they 
found that QTc gave a sensitivity of 77% and a 
specificity of 84%. They limited the study to 
patients not on medical treatment, which might 
influence the QTc interval. 

In contrast with QRS score and P terminal force 
in V1, which are related to pathophysiological phe- 
nomena such as the extent of myocardial damage 
and left atrium overload, the findings for ST depres- 
sion and QTc interval are difficult to interpret. Both 
were predictive of mortality in our study, in which 
the clinically prescribed medication was not discon- 
tinued. Medication is known to be one of the many 
factors that affects both variables.? 

In multivariate analysis ST segment depression, 
QTc, and QRS score were the independent predic- 
tors of mortality (table 4). Of the clinical features the 
most useful independent prognostic variables were 
persistent heart failure, a history of previous myo- 
cardial infarction, cardiomegaly on the chest x ray, 
and the use of digitalis and antiarrhythmics at dis- 
charge. These variables all relate directly or indi- 
rectly to poor ventricular function. Several clinical 
and electrocardiographic variables provided useful 
prognostic information. When multivariate analysis 
was applied to the combination of clinical and elec- 
trocardiographic variables, however, the inclusion of 
electrocardiographic variables did not improve the 
prognostic information derived from the clinical 
data. 

We conclude that the predischarge electro- 
cardiogram can provide important prognostic infor- 
mation about post-infarction patients without 
intraventricular conduction abnormalities, ventricu- 
lar hypertrophy, or atrial fibrillation, in whom 
chnically prescribed medication has not been 
discontinued, and that persistent ST segment de- 
pression, the Selvester QRS score,? and QTc are 
independent predictors of survival. These electro- 
cardiographic variables alone are not sufficiently 
powerful to improve risk assessment when added to 
other clinical information routinely collected in 
hospital. 
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Prognostic stratification of patients after myocardial 
infarction 
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SUMMARY An attempt was made to stratify risk of subsequent cardiac events in post-infarct 
patients according to a combination of the results of clinical assessment, routine diagnostic 
investigations, and pre-discharge exercise testing in 350 consecutive patients who were followed 
up for one year. Patients were classified prospectively on the basis of the extent of myocardial 
damage as assessed by peak enzyme release, reciprocal change on the electrocardiogram at the 
time of myocardial infarction, Norris prognostic index, ability to perform a pre-discharge exer- 
cise test (and test result), and ability to tolerate f adrenergic blockade on discharge. Of the 50 
patients with contraindications to pre-discharge exercise testing, 26% died or had reinfarctions 
compared with 9% of the 300 exercised patients; the 24 non-exercised patients with evidence of 
extensive myocardial damage or reciprocal changes on the electrocardiogram were particularly at 
risk. Similarly, among the 300 exercised patients, extensive myocardial damage, reciprocal 
change on the electrocardiogram, and ST depression on exercise testing were the major risk 
markers in that each identified at least 75% of the patients who had subsequent cardiac events. 
The 63 exercised patients who had all three of these major risk markers constituted a high risk 
group: 18 (2975) died or had reinfarction. Of the remaining 237 patients, only 9 (4%) had cardiac 
events. The 35 high risk patients with exercise induced angina pectoris or clinical con- 
traindications to f blockade were particularly at risk; 15 (43%) died or had reinfarction. 

This approach to risk stratification identified a small cohort of high risk patients in a large 
population of myocardial infarction survivors; it also identified a large group with a very low risk 
of subsequent cardiac events. 


The prognosis after recovery from acute myocardial 
infarction is chiefly related to two factors; namely 
the degree of damage to the left ventricle at the nme 
of infarction and the amount of myocardium still at 
risk because it is supplied by critically diseased coro- 
nary arteries.1~> It is not surprising, therefore, that 
an array of historical, clinical, and exercise variables 
have been identified as markers of increased risk for 
the post-infarct patient.* All of these risk factors 
when used in isolation lack specificity—they all pro- 
duce a large proportion of false positive results.’ ? 
The aim of this study was, therefore, to stratify 
our post-infarct population into risk categories by 
combining the results of clinical assessment of the 
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patient, routine diagnostic investigations, and pre- 
discharge exercise testing. 


Patients and methods 


STUDY POPULATION 

Over an 18 month period we studied all patients 
aged less than 66 years who survived to discharge 
from our coronary care unit. Those with electro- 
cardiographic and enzymatic evidence of myocardial 
infarction were enrolled in the study.? There were 
350 patients who fulfilled the entry criteria. The 
mean (SD) age of the study population was 53 (3) 
years and the male:female ratio was 4-9:1. Of the 350 
patients, 50 did not perform a pre-discharge exercise 
test: 38 because of heart failure, seven because of 
other serious medical conditions, three for logistical 
reasons, and two refused to exercise. 
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FOLLOW UP 

All patients were regularly followed up in our cardi- 
ology clinic. The mean duration of follow up was 13 
months, and all patients were followed for at least six 
months. During the follow up period 23 patients 
died, 34 had a further myocardial infarction, and 40 
patients had one or other of these cardiac events. All 
the deaths were cardiac, occurring either suddenly at 
home or in association with a recurrent infarction. 


DRUG TREATMENT 

At the time of exercise 62 patients were taking a f 
adrenergic blocker, and after discharge all patients 
were prescribed metoprolol (100 mg twice a day) for 
secondary prevention unless this treatment was 
clinically contraindicated. In total, 90 patients were 
not given a $ blocker: 60 because of heart failure, 14 
because of peripheral vascular disease, four because 
of heart block, and 12 because of other serious 
medical conditions. 


VARIABLES STUDIED 

During the in-hospital period the following vari- 
ables were recorded on all patients: Norris prog- 
nostic index; reciprocal changes on the 
electrocardiogram; the degree of left ventricular 
damage; the results of a pre-discharge exercise test; 
the prescription of a fj adrenergic blocker on dis- 
charge. 


Norrts prognostic index 

Each patient’s Norris prognostic index was com- 
puted by giving a weighted score for age, history of 
ischaemia, radiological heart size, and evidence of 
cardiac failure on the day of admission. Norris et al 
have previously demonstrated increasing mortality 
with increasing index.* Patients were subdivided by 
median Norris index into groups with high and low 
values. 


Reciprocal changes 

Myocardial infarct regions were defined as follows: 
in anterior infarction changes were seen in leads 
V1-V5; in inferior infarction in leads II, III, and 
aVF; and lateral infarction was defined as changes in 
leads I, aVL, and V6. Reciprocal changes were 
defined as the presence of 7 0-1 mV of horizontal or 
downsloping ST depression which extended for 80 
ms beyond the J point of the electrocardiogram in 
leads remote from the site of infarction. 


Myocardial damage 

Extensive myocardial damage was defined as a peak 
enzyme release in excess of five times the upper limit 
of normal for our laboratory—that is a peak serum 
aspartate transaminase > 200 IU or a peak lactate 
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dehydrogensse 7 2000 IU. In the absence of either 
of these findings, a history of previous myocardial 
infarction was also taken to indicate severe left ven- 
tricular damage. 


Exercise test 

'Treadmill exercise testing was carried out on the day 
of discharge from hospital according to a modified 
Naughton’s protocol.!° Exercise was stopped at 18 
minutes (7 metabolic equivalents of energy 
expenditure at rest) or earlier if the patient devel- 
oped limiting symptoms, significant ventricular 
arrhythmias, > 0-4 mV of ST depression, or a fall in 
systolic blood pressure of 20 mm Hg or more from 
the previous peak systolic value. 

Tests were classified as positive if there was more 
than 0:1 mV of horizontal or downsloping ST seg- 
ment depression which extended for 80 ms beyond 
the J point of the electrocardiogram or if the patient 
had an abnormal blood pressure response to 
exercise—that is, failure of the systolic blood pres- 
sure to rise from the resting value or a fall in the 
systolic blood pressure of 10 mm Hg or more from 
the previous peak systolic value. 

In addition, the presence or absence of exercise 
induced angina pectoris was noted in all patients. In 
view of the lack of objectivity of this symptom, how- 
ever, it was not used to classify tests as positive or 
negative. 


B blocker prescription 

As cardiac failure was the most common contra- 
indication to f blockade in our population, it seemed 
likely that patients who were not taking f blockers 
would constitute a high risk group. Presence or 
absence of f blockade on discharge was, therefore, 
noted in all patients. 


STATISTICAL ANALYSIS 

Student's 1 test was used to assess differences 
between means of independent observations. The y? 
test was used to assess differences between propor- 
tions. In the text and tables mean (SD) values are 
given. 


Results 


Table 1 demonstrates the ability of each of the risk 
markers to identify those patients who died or had a 
reinfarction. The median Norris index of the total 
population of 350 patients was 4:81. There was no 
difference in the frequency of subsequent cardiac 
events when the patients were subdivided on the 
basis of the median index. Similarly, stratification of 
the patients into centiles on the basis of the Norris 
index failed to identify cohorts that were at 
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Table 1 Ability of the risk markers to identify from the total population of 350 patients those who died or had a reinfarction 





(RI) 

——————————————————M—————————————À 
Risk marker positive Risk marker negative 

Marker Total Death|RI (95) Total Death|RI (95) p 

Norris index > median 175 21 (12) 175 19 (11 NS 

Reciprocal change 204 33 (33) 146 7 c xx 

Extensive myocardial damage 171 31 (18) 179 9 (5) Wk 

No exercise test 50 13 (26) 300 27 (9) Vx 

No fi blocker 90 23 (26) 260 1707) kik 


**p < 001, ***p < 0-001. 


Table2 Ability of the risk markers to identify from among the 300 exercised patients those who died or had a reinfarction 








(RI) 

Rusk marker positroe Risk marker negative 
Marker Total Death|RI (%) Total Death|RI (%) p 
Norris index > median 150 12 (8) 150 15 (10) NS 
Reciprocal change 172 23 (13) 128 4(3) aE. 
Extensive myocardial damage 135 21 (16) 165 6 (4) RAE: 
Positive exercise test 170 23 (14) 130 4 (2) xx 
Exercise induced angina 78 16 (21) 195 11 (6) X 
No f blocker 42 11(26) 258 16 (6) kkk 





**p < 001; ***p < 0001 


increased risk. Patients with reciprocal changes at 
the time of infarction had a higher frequency of 
death and re-infarction than the group without this 
finding (p < 0-01). Similarly, those with severe 
myocardial damage, those judged unfit to perform a 
pre-discharge exercise test, and those judged 
unlikely to tolerate long term f blockade were all at 
increased risk of death or reinfarction compared 
with patients who did not have these risk. markers 
(p < 0-001). 

One hundred and thirty four (70%) of the 172 
patients with reciprocal changes also developed ST 
depression on exercise. Among the 300 exercised 
patients, those with reciprocal changes, extensive 
myocardial damage, a positive exercise test or exer- 
cise induced angina, and patients judged unlikely to 
tolerate a f blocker were all at increased risk of death 
and reinfarction (p « 001; table 2). Among the 
exercised patients, the presence of reciprocal 
changes, extensive myocardial damage, and positive 
exercise test were the most sensitive risk markers; 


Table3 Clinical outcome for the high and low risk patients 





High risk Low risk 
Outcome (n = 63) (n = 237) P 
Death (14) 11 (17%) 31% NR 
RI (24) 17 ca) 7 Gi ane 
Death or RI (27) 18 (29%) 9 (4% =" 


High risk = positive exercise test, reciprocal changes.on the 
electrocardiogram, and extensive myocardial damage. 

Low risk = patents who ada not have all three major risk markers. 
***p < 0 001 RI, 


each identified more than 20 of the 27 patients who 
died or had reinfarction. Sixty three of the exercised 
patients had all three of these risk markers—that is, 
reciprocal changes, extensive myocardial damage, 
and a positive exercise test result. Eighteen (67%) of 
the 27 patients who died or had reinfarction fell into 
this high risk group (p « 0-001; table 3). 

Thirty five of the 63 high risk patients had exer- 
cise induced angina pectoris or were judged unlikely 
to tolerate long term f blockade (figure). This sub- 
group contained 15 of the 18 high risk patients who 
had complications. Only three (1195) of the 28 
remaining high risk patients died or had reinfarction 
(p « 0-01; figure). 

Among the 50 patients unable to perform a pre- 
discharge exercise test, 10 (42%) of the 24 with 
severe left ventricular damage and reciprocal 
changes had complications compared with three 
(1295) of the 26 without both of these markers 
(p < 0:05; figure). Only two of the 50 non-exercised 
patients were prescribed a f blocker on discharge. 


Discussion 


Our results demonstrate that by combining the 
results of clinical assessment, routine diagnostic 
investigations, and pre-discharge exercise testing we 
could identify with a high degree of accuracy those 
infarct survivors who were at high risk of death and 
reinfarction during the next year. Most of our 
patients constituted a low risk group and had a good 
prognosis. Reciprocal changes on the electro- 
cardiogram at the time of infarction, evidence of 
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Total 350 


No predischarge 
exercise test 50 (26*/.) 


Extensive myocardial 
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Predischarge exercise 
test performed 300 (9*/.) 


@)—In high risk group * — (C) 


(£) — damage and reciprocal — 

ECG changes Ọ lias "o 
Present Absent 63 (29*4.) 237 (4*) 

24 (42*l.) 26 (12*4.) 





Exercise test induced 
(€) — angina or no f blocker — (2 
prescribed at discharge 


35 (43°) 


28 (114) 88 (6%o) 





Exercise test induced 
(€)—angina or no f blocker — 
prescribed at discharge 


149 (3%s) 


*o : : : 
Reciprocal change and extensive myocardial damage and a positive exercise test 


Figure Subdivision of patients according to climcal and exercise test results. The figures in parentheses are percentages of each 


group who did or had a reinfarction. 

severe myocardial damage, inability to perform a 
pre-discharge exercise test or to tolerate f blockade, 
and a positive exercise test or exercise induced 
angina pectoris were all significantly associated with 
a poor prognosis. 

When individual risk markers are used in post- 
infarct patients they lack specificity. This lack of 
specificity 18 evident from our results and those of 
other investigators. Geltman er al and Sobel et al 
demonstrated that patients with large infarcts, as 
assessed by peak enzyme release, had a worse long 
term prognosis than patients with a small peak 
enzyme release.!!! None the less, 70% of their 
patients with large infarcts survived more than four 
years. Similarly, 82% of our patients with evidence 
of severe myocardial damage had no complications 
during our one year follow up. 

Hlatky er al reported an 80% five year survival 
rate in their patients with reciprocal changes on the 
electrocardiogram at the time of infarction com- 
pared with 92% in those patients without such 
changes.? Similar results were reported by Geltman 
et al.! 'These results are again consistent with ours: 
although we found reciprocal change to be a 
significant marker of increased risk 84% of our 
patients with this finding had no complications. 

Many workers have noted that patients consid- 
ered to be medically ineligible for pre-discharge 
exercise testing have a bad prognosis.? 7 !? Our non- 


exercised patients were also at increased risk, yet 
only 26% had complications. In the papers that have 
demonstrated increased risk in patients with positive 
pre-discharge exercise tests, the frequency of com- 
plications was still relatively low: DeBusk et a/ 
(9:7%),> Sami et al (2295), and Theroux et al 
(27%).° These results are consistent with our figure 
of 14%. Similarly, despite the value of exercise 
1nduced angina pectoris as a risk marker, 74% of the 
Montreal patients? and 79% of our patients with 
this finding had no complications during the one 
year follow up. 

In the Norwegian multicentre study of timolol 
after acute myocardial infarction 40% of those 
excluded from the study because of medical con- 
traindications died during the next six months.!* 
This figure is comparable with the 26% incidence of 
complications in our patients who were not treated 
with f! blockers. 

It is clear, therefore, that, in keeping with other 
investigators, we were able to identify several statis- 
ucally significant risk markers in a post-infarct pop- 
ulation. Vhen used individually these risk markers 
lacked specificity. Combining them enabled us to 
identify with a greater degree of accuracy those 
patients who were at risk of death or reinfarction. In 
the group of 50 patients considered to be medically 
ineligible for exercise testing 10 of the 13 who devel- 
oped complications were included in the subgroup 
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of 24 who also had reciprocal changes and severe left 
ventricular damage. No study had previously 
attempted to further stratify, on a prognostic basis, 
patients judged ineligible for pre-discharge exercise 
testing. The prognostic implications of a positive 
exercise test were greatly increased by the presence 
of reciprocal changes and severe left ventricular 
damage. Conversely, only 4% of the 237 patients 
who did not have all three major risk factors 
had complications (p < 0-001). Although exercise 
induced angina pectoris and inability to toleraté-long ` 


term f blockade were significant markers of ` 


increased risk, when they were used individually 
they identified only a small proportion of those 
patients who died or had a reinfarction. In combina- 
tion they facilitated further prognostic stratification 
of the high risk patients. DeBusk et al had pre- 
viously identified high risk groups in a post-infarct 
population on the basis of past history, ineligibility 
for pre-discharge exercise testing, and exercise test 
results.5 In that study, however, none of the patients 
identified clinically as being at risk performed an 
exercise test, so the ability of a combination of risk 
factors to further enhance risk stratification was not 
clear. Krone et al also noted that inability to exercise 
carried a bad prognosis, whereas among their exer- 
cised patients the majority of deaths occurred in the 
group with a history of pulmonary congestion on the 
chest x ray, particularly when this was associated 
with an inadequate blood pressure response or poor 
exercise ability." 

In our population the Norris index alone was an 
insensitive marker of subsequent risk, regardless of 
the exercise test result. This is consistent with the 
findings of Krone et al who noted that age and past 
history, both components of the Norris index, were 
of little added value as risk markers in patients with 
positive exercise tests after myocardial infarction." 
Norris et al found age to be an important prognostic 
marker.* They had no upper age limit for inclusion 
in their study, however, and a high proportion of the 
patients were older than 66, the upper limit for 
inclusion in the current study. 


Uie IMPLICATIONS 

In a large population of infarct survivors, we have 
demonstrated that by integrating the results of 
clinical evaluation of the patient, routine diagnostic 
investigations, and pre-discharge exercise testing we 
could identify 67% with a very low incidence of sub- 
sequent cardiac events. In keeping with the results 
of Krone et al and the Coronary Artery Surgery 
Study,’ !5 this group of patients would be extremely 
unlikely to benefit from further investigations. 
Patients who were unable to perform a pre- 
discharge exercise test, particularly those with 
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severe left ventricular damage and reciprocal 
changes on the electrocardiogram, had a poor 
prognosis—almost certainly due to gross left ven- 
tricular dysfunction. In the absence of evidence of 
reversible ischaemia, it seems unlikely that patients 
in this group would benefit from revascularisation. 
Dipyridamole-thalium-201 scintigraphy might 
possibly have a role in identifying a subgroup of 
non-exercised patients with reversible ischaemia 
who would benefit from grafting.!® This hypothesis 
has not yet been examined. Finally, we were able to 
identify a small group of 63 patients with reciprocal 
changes and severe left ventricular damage who also 
had evidence of reversible ischaemia on exercise 
testing. This group contained 18 of the 27 exercised 
patients who died or had a reinfarction during the 
next year. The patients in this group with exercise 
induced angina pectoris or who were judged unlikely 
to tolerate $ blockade were particularly at risk. It is 
possible that such patients might benefit from more 
rigorous medical treatment or even elective surgical 
treatment. !7 
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How useful are the cold pressor test and sustained 
isometric handgrip exercise with radionuclide 
ventriculography in the evaluation of patients with 


coronary artery disease? 
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SUMMARY The feasibility of using the cold pressor test and the sustained isometric handgrip test 
as alternatives to dynamic exercise for stressing the heart was investigated. Serial changes in heart 
rate, blood pressure, and left ventricular performance induced by these tests were studied by 
radionuclide ventriculography in patients with coronary artery disease and in normal volunteers. 
Both tests significantly increased heart rate and blood pressure. The reproducibility of serial 
evaluation of ejection fraction response to cold pressor and isometric handgrip stresses was satis- 
factory but the sensitivity for detecting coronary artery disease was not. 

Both stress tests are valuable interventions for the serial evaluation of left ventricular function 
by radionuclide ventriculography, but they should not be used to detect coronary artery disease. 


Stressing the heart may uncover latent abnormalities 
of myocardial contractility. For example, patients 
with stable angina pectoris may have normal ven- 
tricular function at rest but may develop abnormal- 
ites during stress. Several interventions have been 
used to stress the heart during examination by radio- 
nuclide ventriculography. These include increasing 
left ventricular afterload by administering drugs 
such as angiotensin! ? and phenylephrine? and the 
provocation of ischaemia by atrial pacing.* > 

Both the cold pressor test" and sustained iso- 
metric handgrip?? are popular alternatives to dy- 
namic exercise. Both tests eliminate movement 
artefact and can be applied to almost every patient. 
Dynamic exercise requires considerable cooperation 
from the patient and time to complete the tests; it is 
also more likely to precipitate symptoms in patients 
with ischaemic heart disease. 

Several reports have examined the application of 
cold pressor test and sustained isometric handgrip 
exercise to the detection of coronary artery 
disease 1971? but not the reproducibility of the re- 
sponses when left ventricular function studies are 
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used to determine serial changes in the same patient. 

We have investigated the usefulness of both these 
interventions in the detection of coronary artery dis- 
ease and their reproducibility in serial studies of left 
ventricular function. 


Patients and methods 


The protocol was approved by our local ethics com- 
mittee and the Administration of Radioactive Sub- 
stances Advisory Committee gave us permission 
to administer technetium-99m to three groups of 
subjects: 


Group 1 

Sixteen symptom free male volunteers were re- 
cruited from hospital staff and associates. All were in 
sinus rhythm; they were normotensive and lifelong 
non-smokers. They all had normal electro- 
cardiograms at rest and during maximal graded ex- 
ercise on a modified Bruce protocol.!? The chest x 
ray and the cardiothoracic ratio were normal, and no 
subject was taking any medication at the time of the 


" study. None had evidence of valvar or congenital 


heart disease, respiratory disease, or peripheral vas- 
cular disease and all were presumed to have normal 
hearts (table 1). 
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Table 1 Data on controls and subjects with coronary artery 
disease (CAD) 





Group 1 Group 2 

controls CAD subjecis* 
Age (yr) 45 (7 0) 54 (8 1) 

(36-60) (38-67) 
Resting HR (beats/min) 63 (88) 67 (9 7) 
Resting SBP (mm Hg) 119 ui 9) 135 (25 7) 
Resung DBP (mm Hg) 69 (9 5) 80 (12 3) 
Resting BF (95) 60 2 (11 4) 60-7 (8 3) 


Results are expressed as mean (SD). 

HR, heart rate, SBP, systolic blood pressure; DBP, diastolic blood 
pressure, EF, eyection fraction. 

*Normal or nearly normal resting ejection fraction (50-79%) 


Group 2 

We also studied 20 male patients (mean age (SD) 54 
(8) years) in whom a diagnosis of coronary artery 
disease and stable angina pectoris (New York Heart 
Association grade II or III) had been confirmed by 
a positive exercise electrocardiogram and also by ev- 
idence of coronary artery disease at coronary arte- 
riography (n = 8) or by a documented history of 
myocardial infarction (n — 12). A stenosis of a major 
artery of >70% of the luminal diameter was re- 
garded as significant coronary artery disease and a 
myocardial infarction was diagnosed on the basis of 
a prolonged episode of central chest pain, with char- 
acteristic electrocardiogram and cardiac enzyme 
changes, occurring at least one year before the study. 
These subjects had normal or nearly normal resting 
ejection fractions (range of 50-79%) (table 1). None 
had a history of or evidence of respiratory disease, 
valvar or congenital heart disease, unstable angina, 
cardiac arrhythmias or conduction abnormality, or 
cardiac failure. In the two weeks before the study 
they had taken only glyceryl trinitrate. 


Group 3 

To assess the variability of the resting ejection frac- 
tion and its response to the cold pressor test and 
sustained isometric handgrip exercise we studied 20 
patients with chronic stable angina. Each underwent 
radionuclide ventriculography with a cold pressor 
test and sustained isometric handgrip exercise; ven- 
triculography was repeated three times at intervals. 
After a baseline measurement, repeat studies were 
performed three and six months later. All were 
taking propranolol 80 mg three times a day and glyc- 
eryl trinitrate for chest pain. This treatment had 
been established for at least three months before 
these studies and remained unchanged. 


STUDY PROTOCOL 
Radionuclide ventriculography was performed at 
the same time of day in each subject. Red blood cells 


_ Were labelled in vivo by giving an intravenous injec- 
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tion of technetium-99m (740 MBq (20mCi) into 
the right antecubital vein 20—30 minutes after 15 mg 
of stannous pyrophosphate had been given by the 
same route.!* Radionuclide ventriculography was 
then performed in the left antenor oblique 
projection that gave the best separation of the right 
and left ventricles (usually 35-45?) and with a 10° 
caudal tilt. The same angle was used for each indi- 
vidual study interval. We used a Technicare Sigma 
410 large field camera with a general all purpose low 
energy (140 KeV) parallel hole collimetor. Before 
each set of investigations the camera uniformity cor- 
rection memory was calibrated with a technetium- 
99m flood field. An electrocardiographic signal from 
the patient obtained on an Elcomatic EM810 mon- 
itor was used to trigger the computer to record im- 
ages synchronised with the R wave. Images in 
histogram mode in 16 sequential frames in a 64 x 64 
data matrix with the zoom set at x 2 were stored in 
an ADAC (CGR) 7310 computer. Data collection 
stopped automatically after six minutes for resting 
studies and zive minutes for stress studies. We used 
a framing rate of 16 frames per second for all studies. 
At the start of each study the computer calculated an 
average beat to beat interval from several cycles and 
then accepted image information from beats falling 
within a window (+20%) about the centre fre- 
quency. In the resting studies the centre frequency 
remained fixed throughout each study interval, thus 
excluding ectopic complexes. During stress studies 
the computer recalculated the mean beat to beat 
interval as the heart rate increased and thus retained 
the ability to reject ectopic complexes as it tracked 
steady changes in heart rate. 

The composite 16 frame dynamic study was 
stored on disc for future analysis at the end of the 
study. Image analysis was performed by the Stan- 
ford Automatic left ventricular analysis program, 
which constructs an activity-time curve from which 
indices of left ventricular performance can be calcu- 
lated.15 16 Briefly, the edge detection algorithm is 
based on the application of a one dimensional La 
Placian filter to the end diastolic image vertically, 
horizontally, and along both diagonals. A search is 
made for the first edge which completely encloses 
the left ventricle, and the left ventricle is located by 
calculation of the x and y coordinates of the centre of 
gravity of an amplitude image constructed by the 
system. The program transforms the data to a fre- 
quency domain and retains the zero, first, second, 
and third harmonics as well as the diastolic image. À 
left ventricular region of' interest is created and 
subsequendy used for interpolative background 
subtraction. The region of interest is also used to 
create a 100 point volume curve from the frequency 
components. From this curve the system calculates 
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the ejection fraction, and from its first derivative 
dVs dVdY. ! 
de and Nr it calculates the maximum rate of 
emptying and filling as end diastolic volumes per 
second in the control group. 

'To assess the reproducibility of the technique we 
performed two successive studies at rest. In all sub- 
jects the aquisition time was six minutes. An iso- 
metric handgrip test was followed by a cold pressor 
test. The right hand’ was used for both tests. There 
was an interval of at least 10 minutes between these 
studies, and blood pressure and heart rate had re- 
turned to basal values before the start of the cold 
pressor test. After the basal study at rest subjects 
performed a sustained isometric handgrip exercise 
with a hand dynamometer (Martin Vigorimeter). 
'The patient's maximum voluntary contraction was 
determined and he was asked to maintain a handgrip 
at 30% of this value for five and half minutes; this 
allowed a lag period of 30 seconds before imaging 
started. Imaging was performed for five minutes in 
each subject. 

The duration of the cold pressor test and time of 
the start of imaging have varied 1n previous studies. 
Some started 15—30 seconds after immersion of the 
hand in iced water with a 2-3 minute aquisition 
time.7 19!7 Wainwright etal delayed the start of 
imaging for one minute and acquired images for five 
minutes. We have found haemodynamic changes 
15—30 seconds after immersion of the hand in ice, 
with maximal changes occutring between one and 
three minutes and being maintained for five minutes 
(unpublished observations). Because of these obser- 
vations and because we were using a general purpose 
collimator we felt it appropriate to start imaging 
after 30 seconds and to acquire images for five 
minutes. In addition, this protocol allowed com- 

` parison with the almost identical protocol of Wain- 
wright et al.® 

For the cold pressor test the right hand was im- 
mersed to the level of the styloid process in a mix- 
ture of crushed ice and water. Throughout the test 


the water and ice round the hand were mixed to 
maintain the cold stimulus. Heart rate and blood 
pressure were monitored each minute before, dur- 
ing, and after both interventions by a Hitachi HME- 
20 pulse and blood pressure monitor.!? 


STATISTICAL ANALYSIS 

Discrete variables were analysed by Student’s paired 
t test and a Wilcoxon signed rank test was used for 
paired observations. Unpaired observations were 
analysed by Student's unpaired t test and a Mann- 
Whitney test. (The most conservative estimates of 
significance are reported.) 

The variability of sequential ejection fraction 
measurements and the reproducibility in inter- 
ventions were estimated by calculating the 
coefficient of variance. Values of <10% were 
taken to indicate low variance and satisfactory 
reproducibility, values of 10-20% indicated 
moderate reproducibility, and values >20% un- 
acceptable reproducibility. The 95% confidence 
interval about a resting ejection fraction was used to 
define a subsequent significant change during cold 
pressor test or sustained isometric handgrip exercise 
in the individual subject. This interval was calcu- 
lated from pooled variance as described else- 
where.1??? Sensitivity (number of true positives 
divided by number of patients with coronary artery 
disease) and specificity (number of true negatives di- 
vided by number of patients without coronary artery 
disease) were calculated and expressed as per- 
centages. 


Results 


Both the cold pressor test and sustained isometric 
handgrip exercise were tolerated well by all subjects. 
In each subject the tests were completed without the 
development of chest pain or electrocardiographic 
evidence of ischaemia. Several individuals com- 
plained of pain in the immersed hand during the 
cold pressor test which was most pronounced in the 


Table 2 Comparative mean heart rate (beats/min) and blood pressure (mm Hg) responses to sustained isometric handgrip 
stress in subjects with coronary artery disease (group 2,n = 20) and a normal control group (group 1,n = 16) 





Time from start of isometric handgrip test (min) 


Basal 1 2 3 4 5 
CAD group: 
Heart rate 68 (9 0) 74 (9 3) TI (10 1) 80 (12:9) 84 (15-7) 82 (15 6) 
SBP 136 (25:3) 158 (32 0) 166 (32-3) 174 (32 3) 173 (29 3 185 (34 5) 
DBP 80 (12 1) 92 (15 4) 94 (16-7) 100 (10 6) 99 (12- 98 (15 7) 
Normal control group. 
Heart rate 65 (8 1) 68 (6-9) 71 (9-9) 72 (9 3) 72 (8:3) 75 (11 8) 
SBP 117 (16-5) 128 (15:3) 136 (17:5) 142 (22 8) 153 (29-9) 149 a 8) 
DBP 67 (15 4) 76 (15 1) 78 (15-0) 80 (14 9) 89 (15 7) 85 (20 4) 





SBP, systolic blood pressure; DBP, diastolic blood pressure. 
Results are expressed as mean (SD). 
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Table3 Comparative mean heart rate (beats/min) and blood pressure (mm Hg) responses to cold pressor test in subjects with 
coronary artery disease (group 2,n = 20) and a normal control group (group I,n = 16) 
MONACO H 


Time from immersion of hand in ice (mn) 








Basal 1 2 3 4 5 
CAD grow 
Heart raté 68 (9 4) 74 (10 0) 75 (12 1) 73 (8 6) 74 (10-2) 73 (10 4) 
SBP 138 (25:3) 171 (37 1) 174 (35 2) 160 :26-7) 164 (36 0) 172 (40-2) 
DBP 80 (11 2) 99 (14 1) 96 (14 1) 94 :122) 94 (13 5) 92 (82) 
Normal control group: 
' Heart rate 63 (7 8) 66 (9 6) 69 (10 5) 69 (10 0) 65 (10 2) 65 (8 2) 
SBP 119 (13 9) 148 (26 2) 156 (25 3) 156 (27-1) 153 i 1) 154 (21 6) 
DBP 69 (9 5) 89 (20 2) 88 (159) (17 1) 87 (11 7) 79 (17-6) 


SBP, systolic blood pressure; DBP, diastolic blood pressure. 
Results are expressed as mean (SD) 


first 1—2 minutes after immersion and in the first few 
minutes after withdrawal. Groups 1 and 2 were sim- 
ilar in terms of age and resting heart rate, but both 
resting systolic and diastohc blood pressure were 
higher in those with coronary artery disease (table 


1). 


HEART RATE AND BLOOD PRESSURE 

Both the heart rate and systolic blood pressure rose 
significantly in response to the sustained isometric 
handgrip exercise (table 2) and cold pressor test 
(table 3) at each minute during these interventions. 
There was a mean increase of 21% in heart rate in 
group 2 in response to sustained isometric handgrip 
exercise at the five minute stage, but there was only 
a 1594 increase in response in group 1 (normals). 
Similarly, there was a mean increase of 36% in sys- 
tolic blood pressure in group 2, but only a 27% in- 
crease in group 1; however, diastolic blood pressure 
increased to a similar extent in both groups. 

- During the cold pressor test those with coronary 
artery disease (group 2) increased their heart rate by 
a mean maximum of 10% and the systolic blood 
pressure by 26%. In the controls (group 1) these 
variables increased by 10% and 31% respectively; 
diastolic blood pressure increased by a similar 
degree in both groups (table 3). 

The maximum increase (mean (SD)) in heart rate 
during sustained isometric handgrip exercise was 14 
(11) beats per minute (p < 0-001) in those with coro- 
nary artery disease (group 2) and 14 (13) beats per 
minute (p « 0-01) in the normal subjects (group 1); 
the difference between groups was not statistically 
significant. Systolic. blood pressure increased by a 
mean (SD) of 51 (18) mm Hg in those with coronary 
artery disease (p « 0:001) and by 38 (21) mm Hg in 
controls (p « 0:01); the difference was not statisti- 
cally significant. 

During the cold pressor test, heart rate increased 
by a maximum of 10 (10) beats per minute in those 
with coronary artery disease (group 2) and by 8 (6) in 
controls (group 1); this difference between groups 


was not statistically significant. Systolic blood pres- 
sure increased by a mean of 39 (18) mm Hg (p < 
0-001) in those with coronary artery disease and by 
44 (23) (p « 0:001) in controls; the difference in 
response between the groups was not significant. 

During sustained isometric handgrip exercise, 
heart rate and systolic blood pressure rose in all sub- 
jects. During the cold pressor test, heart rate fell in 
one subject with coronary artery disease and in two 
controls. Systolic blood pressure rose in all subjects. 

Sustained isometric handgrip exercise caused 
greater heart rate and blood pressure responses than 
the cold pressor test, but these differences were not 
statistically significant. Maximal haemodynamic re- 
sponses tended to occur 3-5 minutes into the sus- 
tained isometric handgrip exercise test and 1-3 
munutes into the cold pressor test. The timing of 
these maximal responses was similar in groups 1 and 
2. 

In both tests the haemodynamic response was evi- 
dent during the first minute and was maintained for 
the five minute period of imaging. 


VARIABILITY OF EJECTION FRACTION 
DETERMINATIONS 
We assessed the variability of ejection fraction mea- 
surements from two sequential resting studies in the 
16 normal control subjects (group 1). The difference 
(1:25%) between the two means was not statistically 
significant (table 4). From the individual mean of the 
two resting values and knowledge of the pooled vari- 
ance we calculated the 95% confidence limits for a 
significant change of a subsequent ejection fraction 
measurement from the equation: 

x + 2:12,/S? (1/n + 1) 
where x is the observed measurement, 2:12 is the t 
value taken from the distribution of t when the num- 
ber of observations is 16 at the 5% significance level, 
S? is the pooled variance, and n is the number of 
resting observations per patient. Thus for the 16 
subjects, S? = 19-6 percentage units, n = 2, and the 
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Table 4 Results of sequential resting radionuclide 
ventriculograms in 16 control subjects 








Vanable Rest, Rest, Difference 
dVs/dt —4 3 (0 46) —4 3 (0 42) NS 
dVd/dt 4 0 (0-50) 394(037 NS 
EF 61-5 (8 21) 602(1142 NS 


—dVs/dt = maximum rate of negative change of ventricular vol- 
ume with time (ventricular emptying) measured as end diastolic 
volume/second. 

+dVd/dt = maximum rate of posinve change of ventricular vol- 
ume with ome (ventricular filling) measured as end diastolic 
volume/second. 

Results are expressed as mean (SD) 


95% confidence interval for-a given patient is esti- 
mated to be —11-49 ejection fraction percentage 
units. This implies that the individual change of 
ejection fraction in response to any intervention 
must be 12% (absolute value) or more to be re- 
garded as significant at the 5% level of significance. 
Variations of less than 12% could be the result of 
physiological and statistical fluctuations. This im- 
plies that a value would have to be 12% below the 
normal mean value to be regarded as an abnormal 
ejection fraction. 

The coefficient of variance between two resting 
studies was 5-1%, indicating satisfactory reproduci- 
bility. Table 4 summarises the results of sequential 
resting radionuclide ventriculography studies in the 
normal subjects. No statistically significant 
differences for any variable were seen between the 
two resting studies. Linear regression analysis of 
ejection fraction response gave a correlation 
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coefficient of 0-85 between the two resting studies. 

The patients recruited into group 3 underwent 
three separate studies, with the first and second and 
the second and third 3 and 6 months apart re- 
spectively. Table 5 shows the responses to sustained 
isometric handgrip exercise and a cold pressor test. 
The coefficient of variance was 10% for sustained 
isometric handgrip exercise and 9% for cold pressor 
test, indicating satisfactory reproducibility. 


RADIONUCLIDE VENTRICULOGRAPHY 

Table 6 summarises the results of radionuclide ven- 
triculography in groups 1 and 2 in response to sus- 
tained isometric handgrip exercise and a cold 
pressor test. In both groups the mean left ventricu- 
lar ejection fraction fell in response to sustained iso- 
metric handgrip exercise and a cold pressor test. In 
normal subjects this fall was significant for only cold 
pressor testing. Both the cold pressor test and sus- 
tained isometric handgrip exercise tended to reduce 
dVs/dt. 

Figures 1 and 2 show the group and individual 
changes in left ventricular ejection fraction in both 
groups l and 2 in response to both interventions. 
Sustained isometric handgrip exercise caused a 
mean (SD) reduction of 5 (8-3)% in those with coro- 
nary artery disease and a reduction of 4 (6-5)% in 
controls. This difference was not statistically 
significant. The cold pressor test caused a mean 
reduction of 10 (8)% in those with coronary artery 
disease and a reduction of 7 (5 6)% in controls; this 


Table5 Coefficient of variance for ejection fraction response to sustained tsometric handgrip (SIHG) and cold pressor test 


(CPT) 


Ss, $4 Sy Mean SD 

———_ EEE 
SIHG: 

Column mean (SD) 49 (12 2) 51(118) 51 (13-1) 504 

Overall mean 503 

Mean SD — overall mean (95) Coefficient of variance = 10 02% 
CPT: 

Column mean (SD) 41 (9 7) 48 (9 8) 48 (12-8) 4 29 

Overall mean 47 67 


Mean SD — overall mean (%) 


S,-3 = studies 1-3 


Coefficient of variance = 8 99% 


Table 6 Results of radionuclide ventriculography during sustained isometric handgrip (SIHG) and cold pressor test (CPT) 
m 16 controls and 20 patients with coronary artery disease (CAD) 


—_—orooo v5. I U 


Group ! (ED vul 


dVs/dt (ED vol/s) —43 (0 42) —3 9 (0 37)** —39 (051) 

dVd/dt (ED vol/s) 3 94 (0:37) 3 7 (0 35)* 39 (0 53) 

EF 60 2 (11 42) 57 9 (10 18) 54 4 (10 64)*** 
Group 2 (patients with CAD and normal EF): 

dVs/dt (ED vol/s) —4 6 (037) —38 (o 61)*** —4-1 (0 48)*** 

dVd/dt (ED vol/s) 3 6 (0 48) 3 4 (0 74) 34(057) 

EF 60 7 (8 28) 55 7 (11 42)* 51 1 (9 96) 


See table 4 for abbreviations. 
*p < 005; ** p < 001; *** p « 0001. 
Results are expressed as mean (SD). 
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Fig 1 Indmnrdual and group responses of the ejection 


fraction to sustained isometric handgrip in subjects with 
coronary artery disease (CAD) and a normal or near normal 
ejection fraction (group 2) and controls (group 1). 
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Fig2 Individual and group responses of ejection fraction to 
cold pressor test m subjects with coronary artery disease 
(CAD) and normal or near normal ejection fractions (group 
2) and controls (group 1). 


difference between the groups was not statistically 


significant. 


DETECTION OF CORONARY ARTERY DISEASE 
Cold pressor testing caused a significant fall 
(> 12%) in ejection fraction in three controls and six 
patients with coronary artery disease. Thus the sen- 
sitivity for the detection of coronary artery disease 
was 30% and the specificity was 85%. In two con- 
trols and one subject with coronary artery disease 
the ejection fraction increased but not significantly. 
Sustained isometric handgrip exercise caused a 
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with coronary artery disease, but there was no 
significant reduction in any of the controls. The 
ejéction fraction increased in three controls and in 
two patients with coronary artery disease; the in- 
crease was significant in one patient from each 
group. Thus the sensitivity of the handgrip test for 
the detection of coronary artery disease was 15% 
and the specificity was 100%. 

When both tests were combined the sensitivity in- 
creased to 35% and the specificity remained at 85%. 


Discussion 


The cold pressor test and sustained isometric hand- 
grip exercise have been used in previous studies to 
unmask latent abnormalities of left ventricular func- 
tion and to aid in the diagnosis of coronary artery 
disease. 7 10 17 21725 The reproducibility of the re- 
sponses to these interventions has not been ade- 
quately assessed. We have found these interventions 
to be useful for comparative studies because of their 
ease of application and ability to stress the myo- 
cardium without inducing angina pectoris or ST 
segment changes indicative of ischaemia. In com- 
parison, dynamic exercise tends to cause these 
phenomena in a high proportion of subjects under- 
going radionuclide ventriculography. Both tests 
were simple and accessible and they were less cum- 
bersome and time consuming than dynamic 
exercise. 


COLD PRESSOR TEST 

Heart rate and blood pressure 

Tn patients with coronary artery disease and in nor- 
mal controls heart rate increased by a mean of 10% 
in both groups and systolic pressure increased by 
26% and 31% respectively. All these increases were 
statistically significant; but there were no significant 
differences between the two groups. Previous stud- 
ies (table 7) have shown increases in heart rate rang- 
ing from +4beats per minute?? to +12 beats per 
minute’ !? in normal subjects and +175 to -- 10!? in 
patients with coronary artery disease. Systolic blood 
pressure rises in the present study were higher in 
both normal controls and subjects with coronary ar- 
tery disease than in previous studies. There is no 
obvious explanation for this. Only one of our 
subjects (aged 54 years) with coronary artery 
disease was considered to have hypertension 
(184/103 mm Hg at rest). Most studies have reported 
that changes in blood pressure and heart rate in con- 
trols and patients with coronary artery disease are 
similar (table 7); and we too found no significant 
difference in response between these groups. Root- 
welt etal? and Raizner etal? did not find a 
significant change in heart rate 1n normal subjects in 


significant fall in ejection fraction in three-patients ^7 response to the cold pressor test. 


Cold pressor test and tsometric handgrip with radionuclide ventriculography 


Table 7 Comparison of studies that used cold pressor test in conjunction mth radionuchde ventriculography 





Normal group 
HR SBP 

No (beats|min) (mmHg) EF(9;) 
Wainwright et al 22 NA NA +2 
Manyarı et al! ? 20 +8 +26 +3 
Wasserman et a]!? 12 +11 +27 —6 
Vojacek et al?5 10 +5 +13 —3 
Verani et al? 18 +11 +28 0 
Dymond et al?” 12 +12 +16 -5 
Rootwelt et al?? 11 +4 NA +2 
Present study 16 +8 +44 -7 





CAD group 
HR SBP Sensitivity Spectficity 

No (beats|min) (mmHg) EF (%) (%) (%) 
24 NA NA —13 79 100 
20 +9 +30 —5 55 95 
18 +10 +22 —5 NA NA 
12 +1 +29 —-5 NA NA 
34 NA NA —6 NA NA 
12 +9 +29 —8 NA NA 
22 +6 NA -3 50 100 
20 +14 +39 —10 50 375 


HR, heart rate; SBP, systolic blood pressure; BF, ejecnon fraction; NA, not available. 


Results expressed are mean value for each variable 


This variability of heart rate and systolic blood 
pressure response in these studies may be because 
the cold pressor test was differently applied in 
different studies. In the present study, the hand was 
immersed in iced water (0-2°C) up to the level of the 
styloid process and the ice and water mixture was 
stirred continuously to maintain a constant adequate 
cold stimulus; also a fresh ice and water mixture was 
prepared for each patient. If this is not done the cold 
stimulus may be inadequate; this may explain the 
early decay in haemodynamic response reported by 
Dymond etal?” but not by others.$!9 The hae- 
modynamic response to the cold pressor test reaches 
a maximum 60—90 seconds after immersion and 
basal values are quickly restored after the hand is 
withdrawn.579-39 In our patients the haemo- 
dynamic responses were evident throughout the five 
minutes of imaging although some decay was noted 
after three minutes. 

'The haemodynamic changes are mediated by a 
predominantly æ adrenergic stimulus?! and an 
increase in systemic and pulmonary vascular 
resistance.??3? These haemodynamic changes 
increase myocardial oxygen consumption. Such 
changes may be enough to precipitate ischaemia in 
those with pre-existing coronary artery disease. 


Radionuclide ventriculography 
The cold pressor test induced significant falls in left 
ventricular ejection fraction in both normal subjects 
and patients with coronary artery disease; the 
difference between the two groups was not statisti- 
cally significant. Two previous studies have re- 
ported falls in the ejection fraction in response to the 
cold pressor test,!? 75 whereas others have noted no 
change or a small increase. 7 1722 In contrast, all 
studies consistently report falls in ejection fraction 
in patients with coronary artery disease. These range 
from a mean of —3 to — 13% (table 7). 

Thus the response to cold pressor test in normal 
subjects is inconsistent. This may be explained by 
differences in study protocol—in some studies 


images were collected for two minutes!’ and in 
others for five minutes; in the latter study imaging 
was delayed for one minute. Dymond eral used 
sequential first pass radionuclide ventriculography 
during cold pressor test. They found that the ejec- 
tion fraction fell significantly in both controls and 
those with coronary artery disease after one minute; 
but this fall was maintained at 2 5 and 4 minutes 
only in those with coronary artery disease.?" In both 
groups the maximum reduction in ejection fraction 
Occurred after one minute, despite the rise in blood 
pressure reaching a maximum after 2:5 minutes. 
They postulated that changes in afterload induced 
by cold pressor test are not the only reason for 
changes in left ventricular function. 'They concluded 
that left ventricular function changes rapidly during 
a period of cold stimulation, and that if the prime 
purpose is to detect coronary artery disease it would 
be prudent to delay the onset of imaging for one 
minute because normal subjects will be less likely to 
show a fall in ejection fraction after this. We started 
imaging after 30 seconds because this had been the 
practice of others who have assessed the cold pressor 
test under similar circumstances.” !0 17 25 


SUSTAINED ISOMETRIC HANDGRIP EXERCISE 
Heart rate and blood pressure 

Heart rate rose more during this test than during the 
cold pressor test. It increased by a mean of 14 beats 
per minute both in patients with coronary artery dis- 
ease and in normal controls. The increase in systolic 
blood pressure was also greater (by 51 and 
38 mm Hg respectively). These changes are consis- 
tent with previous reports of increases ranging from 
15% to 40%.°* 34 Bodenheimer et al, using a proto- 
col similar to ours, observed blood pressure in- 
creases of 32mmHg in normal subjects and 
33-44 mm Hg in patients with coronary artery dis- 
ease.? In the present study the pronounced rise in 
heart rate and blood pressure was maintained for the 
five minute imaging period and the pattern of the 
response tended to be a sequential rise with little 
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decay in the response, unlike the response to the cold 
pressor test. This was also the experience of Lind 
etal who found that blood pressure increased as 
fatigue developed.?5 In those with normal hearts an 
increase in blood pressure is primarily the result of 
an increase in cardiac output. When the left 
ventricle is impaired the rise in blood pressure can 
be enhanced by an increase in systemic vascular 
resistance caused by stimulation of the adrenergic 
receptors by a fall in cardiace output.?Ó 


Radionuclide ventriculography 
Although sustained isometric handgrip exercise 
caused a fall in ejection fraction in normal subjects 
this did not reach statistical significance, unlike the 
response to cold pressor test. The falls in ejection 
fraction experienced in those with coronary artery 
disease were significant, however. Bodenheimer et al 
found that in normal subjects the ejection fraction 
increased by a mean of 3% and in those with coro- 
nary artery disease it fell by 4% (p < 0-005),?! yield- 
ing 86% sensitivity and 87% specificity for the 
detection of coronary artery disease. The present 
study demonstrated a sensitivity of 15% and a 
specificity of 100%. Others have reported that mean 
ejection fraction does not change in normal 
subjects?’; however, individual normal subjects may 
have falls of 5% or more.?? 38 

It is possible that individuals with coronary artery 
disease will respond by a significant reduction in 
ejection fraction either to the cold pressor test or to 
the sustained isometric handgrip exercise but not to 
both. When the results of both tests were combined, 
however, the sensitivity improved to only 35%. 


Variability of ejection fraction responses 

Because we used a fully automatic method of ana- 
lysing radionuclide ventriculograms we eliminated 
intra- and interobserver variation. 

Two sequential resting studies in the normal 
controls gave a coefficient of variance of 5% and a 
correlation coefficient of 85%. No significant 
differences were found between studies for any indi- 
ces of left ventricular function. In addition, the re- 
sults were used to calculate the absolute change from 
normal that would be regarded as significant in our 
laboratory. The spontaneous variability in ejection 
fraction of 12% or more that we used to exclude 
non-random physiological change is more than that 
found in some laboratories? !? ?? but comparable to 
others.?? 

In patients with normal left ventricular per- 
formance there is greater ventricular reserve and 
hence a greater probability of responding to stimuli 
with augmentation of cardiac pump function.?? 
In those with subnormal basal ventricular per- 
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formance, the ventricle may already be working 
at close to maximal effort and will therefore be 
less likely to manifest comparable spontaneous 
fluctuations in ejection fraction. Thus the variability 
in our repea: studies in normal subjects is probably 
higher than the variability that would be shown by a 
group of patients with coronary artery disease. In 
the present study large (up to 13%) individual inter- 
study differences were noted although the mean 
difference between the first and second study was 
— 1-2 (6:16). Large individual changes (up to 21%) 
with a mean change of + 4-6 (4-70) were reported by 
Wackers et al in a similar study population.?? 

The responses to both the cold pressor test and 
sustained isometric handgrip exercise had an accept- 
able reproducibility, with coefficients of variance 
of 9% and 10% respectively and no significant 
differences in the mean response on three separate 
occasions. This indicates that these interventions are 
suitable for studies of changes in left ventricular per- 
formance over time. In this respect both inter- 
ventions are suitable alternatives to dynamic 
exercise. 


DETECTION OF CORONARY ARTERY DISEASE 
Wainwright etal claimed a sensitivity of 79% and 
specificity of 100% for the cold pressor test in de- 
tecting coronary artery disease (table 7).° In that 
study a change of 8% in ejection fraction was re- 
garded as abnormal, although from their data there 
does not seem to be any clear reason for this limit. 
All normal subjects increased their ejection fraction 
by a mean of 2% in response to cold pressor test. 
These findings are unexpected because ventricular 
performance, even in normal subjects, is not en- 
hanced by an increase in left ventricular afterload or 
systemic vascular resistance.? ^? 

In the present study, no normal subject had an 
increase in ejection fraction during the cold pressor 
test and three had significant (> 12%) falls in ejec- 
tion fracton. Although the mean fall in ejection 
fraction was greater in patients with coronary artery 
disease, the sensitivity (30%) and specificity (38%) 
in this group showed that in our laboratory and with. 
this protocol the cold pressor test is not a useful 
intervention for the detection of coronary artery 
disease. It is possible that the responses obtained in 
these controls may reflect the presence of subclinical 
cardiomyopathy, intervention induced coronary 
artery spesm in the absence of symptoms or electro- 
cardiogram changes, asymptomatic coronary artery 
disease, ar a normal variation. But this was a group 
of symptom free lifelong non-smokers with no other 
major coronary artery disease risk factors. Each had 
a normal chest x ray and resting and treadmill exer- 
cise electrocardiogram, and all were presumed to 
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have normal hearts. The study is open to criticism 
because coronary arteriography was not performed 
to exclude coronary artery disease, but in our unit 
the main indication for coronary arteriography is for 
the preoperative assessment of patients with angina 
pectoris; invasive investigation of our control group 
was not ethically justifiable. 

Several studies have assessed the value of cold 
pressor test in detecting coronary artery disease. In 
studies comparing it with dynamic exercise Manyari 
et al!" and others? ?? ?? have found it to be an infe- 
rior discriminator although possibly useful in sub- 
Jects who are unable to perform dynamic exercise. 

"Though the sustained isometric handgrip exercise 
test produced greater increases in heart rate and 
blood pressure than the cold pressor test, it was only 
successful in detecting three subjects with coronary 
artery disease and gave a sensitivity of only 1595. 
The specificity was more acceptable, however. 
Several studies that compared sustained isometric 
handgrip exercise with dynamic exercise showed 
that it was of limited value in the detection of coro- 
nary artery disease.*! ^*? In contrast, Bodenheimer 
et al, using radionuclide ventriculography, found a 
sensitivity of 86% and specificity of 8795.5 ?! These 
findings are of limited value, however, because most 
of their subjects had abnormalities at rest. 

Some authorities have suggested that a patient 
may respond to only one or the other of these tests 
and that both should be performed. Our results do 
not support this because when both tests were com- 
bined the sensitivity for the detection of coronary 
artery disease was only 35%. 


Conclusions 


This study has demonstrated satifactory re- 
producibility of resting radionuclide ventricu- 
lography 1n a control group and of cold pressor test 
and sustained isometric handgrip exercise in a group 
with coronary artery disease. Significant heart rate 
and blood pressure responses were seen in both nor- 
mal subjects and those with coronary artery disease; 
increases were higher with sustained isometric 
handgrip exercise. 

Both cold pressor test and sustained isometric 
handgrip exercise are useful for serial comparisons 
of myocardial performance—for example the assess- 
ment of the effect of drugs on the myocardium. Co- 
ronary artery disease is not reliably detected if the 
left ventricular ejection fraction alone is used; how- 
ever, when dynamic exercise is not possible these 
tests may be used as alternatives. In our laboratory 
the sensitivity was inadequate in patients with coro- 
nary artery disease who had normal or near normal 
resting electrocardiograms. Patients with coronary 
artery disease may not be able to complete an ade- 


327 


quate dynamic exercise test without precipitating 
angina. Neither the cold pressor test nor sustained 
isometric handgrip exercise caused angina in our 
patients with coronary artery disease. One major 
advantage of cold pressor test and sustained iso- 
metric handgrip exercise is their ease of application 
without the risk of patient movement or excessive 
use of camera time. These factors are of obvious 
importance when serial evaluations are necessary. 


We thank Dr David Hole, Medical Statistician, 
Cancer Surveillance Unit, Ruchill Hospital, Glas- 
gow, for advice. - 
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Sudden coronary death in Glasgow: nature and 
frequency of acute coronary lesions 
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SUMMARY  À detailed pathological study of the coronary arteries was carried out on 130 random 
white subjects (91 male and 39 female) who died suddenly in the Glasgow area. In 30 there was 
a clearly defined cause of death that was not due to ischaemic heart disease. In eight subjects the 
cause of death was in doubt. Ninety two of the 130 showed coronary stenosis resulting in a loss 
of more than 75% of coronary artery cross sectional area and/or acute coronary events with no 
other cause of death. Of these 92 subjects considered to have died suddenly of ischaemic heart 
disease, 64% showed plaque rupture and thrombosis which occurred at sites of previous high 
grades of stenosis. T'wenty two subjects had intraluminal thrombosis unrelated to plaque 
fissuring. Thirty eight (41%) showed histological evidence of recent myocardial necrosis; acute 
coronary events occurred in 34 of these. There was no correlation between the duration of symp- 
toms before death and the occurrence of acute coronary events. 

Acute coronary events, mainly in the form of plaque rupture, are a common finding in sudden 


coronary death when a careful study is made of the whole coronary arterial tree. 


In view of the fact that atherosclerosis has been rec- 
ognised for many years and the fact that ischaemic 
heart disease is so prevalent!? it may seem sur- 
prising that controversy still surrounds the mech- 
anism of sudden death from coronary disease. 
Severely diseased and narrowed coronary arteries 
may be compatible with many years of symptom free 
life? but when sudden death occurs in individuals 
with ischaemic heart disease the mechanism and 
triggering event are still in dispute.* Sudden death 
in the majority of subjects with ischaemic heart dis- 
ease is attributed to cardiac arrhythmia, and pre- 
vious pathological studies have suggested that the 
frequency of coronary thrombi and acute lesions 1s 
low.5~ 7 Others have claimed that coronary thrombi 
are consequences rather than causes of myocardial 
infarction.?? More recently, attention has been 
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drawn to the importance of acute plaque events and 
the role of coronary thrombosis in sudden cardiac 
death.'°!! In cases of sudden unexpected death 
pathological examination usually takes place as a 
medicolegal necropsy aimed primarily at excluding 
unnatural death. It is thus understandable that 
appropriate detailed pathological data from this 
source have been scanty. A study was therefore 
undertaken of 130 random cases of sudden death 
submitted to medicolegal necropsy in Glasgow with 
the aim of further clarifying the mechanism of death 
and of assessing the status of the coronary tree and 
myocardium. 


Patients and methods 


We studied 130 white subjects under the age of 70 
(91 male and 39 female) who died suddenly in the 
Glasgow area and who were submitted to 
medicolegal examination at the Department of 
Forensic Medicine and Science of the University of 
Glasgow. Thirty subjects were identified who had a 
clear cause of death other than ischaemic heart dis- 
ease. Ninety two had more than a 75% loss of coro- 
nary artery cross sectional area and/or an acute coro- 
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nary lesion and no other cause of death. They 
therefore were considered to have died from 
ischaemic heart disease. The remaining eight had 
less severe coronary artery atherosclerosis (degrees 
of stenosis less than 75% of cross sectional area) and 
had no other clear cause of death. 

Sudden death was defined as death occurring 
within 24 hours of the onset of symptoms in a sub- 
ject who had not consulted a doctor at any time dur- 
ing the previous three weeks. Case notes were 
reviewed to determine the subject's activity at the 
time of onset of symptoms or death. A detailed nec- 
ropsy was undertaken in each case, including histo- 
logical study where necessary. When appropriate, 
toxicological examinations were undertaken to iden- 
tify alcohol, carbon monoxide, or drug poisoning. 

'|he heart was removed unopened for initial 
angiographic study. The right and left coronary 
arteries were selectively injected with a barium- 
gelatin mixture and radiographic delineation of the 
coronary vessels was obtained. The warm mixture 
was injected through a hand-held syringe until satis- 
factory filling of epicardial vessels was noted. The 
major epicardial coronary arteries were dissected 
from the fixed heart; then they were decalcified for 
five days and the radiographic study was repeated. 
'The coronary arteries examined included the entire 
right coronary artery with its posterior descending 
and posterolateral branches; the left main coronary 
artery; the anterior descending coronary artery and 
its major diagonal branches; and the circumflex 
coronary artery and its marginal branches. 

After postmortem angiography a low mid- 
ventricular 2 cm transverse slice was cut. The level 
of the cut was sometimes changed according to the 
site of the infarct if any had been detected macro- 
scopically. Nitroblue tetrazolium staining was used 
to complement routine histological examination. +? 

Histological blocks were then made at approxi- 
mately 3mm intervals in the major arteries and 
labelled for identification according to a standard 
code!? (fig 1). Each histological section, stained with 
haematoxylin and eosin, was examined micro- 
scopicaly and coded for the presence of plaque 
fissuring and dissecting haemorrhage from the 
lumen, intraluminal thrombosis, intramural throm- 
bosis, or old occlusion. Plaque fissuring or rupture 
was diagnosed when the intimal cap was disrupted 
and resulted in a free continuity between the athero- 
matous material and the lumen. Intraluminal 
thrombosis when present was recorded. An accumu- 
lation of red blood cells within the intima without 
fissuring or thrombotic material was designated as 
an intimal haemorrhage. 

Each coronary section was measured by a quan- 
titative microscope. The degree of stenosis was esti- 
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Fig 1 Dien of coronary tree into segments: right 
coronary artery ( RCA), segments 1—6; left main coronary 
artery, segment 11; left anterior descending artery (LAD), 
segments 12-15, first and second diagonal branches (1st DG 
and 2nd DG), segments 16 and 17 and 18 and 19 
respectively; circumflex artery (Cx), segments 24—26; obtuse 
marginal artery (OM), segments 29 and 30. 


mated by planimetry of the area within the internal 
elastic lamina (representing the original lumen) and 
the area of the existing lumen—the result being 
expressed as a percentage loss of cross sectional area. 
Thrombi when present were measured and their 
extent was expressed as a percentage of the lumen 
area before thrombosis had occurred. 


Results 


The results of our studies indicated that 92 subjects 
had died suddenly from ischaemic heart disease: 
they had one or more “‘significant’’ stenoses (defined 
for the purposes of this study as loss of more than 
75% of cross sectional area), a recent coronary event 
or both, with no other identifiable cause for death 
(two had acute coronary events with lesions causing 
a 66%-72% loss of coronary artery cross sectional 
area). Of the 92 cases, 81 (8895) had acute coronary 
lesions and 11 had significant stenoses without 
associated acute lesions (fig 2). 


NATURE OF THE ACUTE CORONARY LESIONS 
Plaque rupture 

Plaque rupture was found in 59 (73%) of the 81 sub- 
jects with acute coronary lesions. Thirty nine of 
these 59 (66%) subjects had associated intraluminal 
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Non-ischaemic death 
30 


Stenoses 275*/, and/or 
acute coronary lesion 
92 





Stenoses «75*/, and 
no acute lesions 
8 


Fig 2 


thrombosis. There were 80 instances of plaque rup- 
ture in these 59 subjects—35 in the right coronary 
artery, 30 in the anterior descending coronary 
artery, and 15 in the circumflex artery. Figure 3 
shows a typical example of plaque rupture. Plaque 
rupture and accompanying acute lesions were more 
common at sites with higher grades of pre-existing 
stenosis (table 1). Intraluminal thrombus was often 
found where there was stenosis of more than 75°,. 


Intraluminal thrombus 

Intraluminal thrombi were found in 61 subjects. In 
22 of these, no associated underlying fissuring could 
be identified. Seventy five separate thrombi were 
found: 48 were occluding more than 50°, of the 
lumen and 27 occupied less than 50%. Figure 4 
shows the appearance of a typical intraluminal 
thrombus associated with plaque fissuring. Table 2 
shows the distribution and degree of thrombotic 
occlusion of the largest thrombus in each of the 61 
subjects. 


DISTRIBUTION OF THE ACUTE EVENTS 

Figure 5 shows the distribution of plaque rupture in 
the different segments of the coronary tree. Certain 
segments, such as the second segment of the right 


Table 1 Degree of pre-existing stenosis at sites of plaque 
rupture and the accompanying acute lesions ( total 80 plaque 
ruptures) 





Pre-existing stenosis 





Acute lesion «50^. 50-75". >75% 
Intimal haemorrhage and 

intramural thrombus 1 18 26 
Intraluminal thrombosis 0 2 33 








Intraluminal 
thrombosis 
39 















Intramural 
thrombosis 
and intimal 
haemorrhage 
20 





















Distribution of coronary events in 130 victims of sudden death. 


coronary, the first three segments of the anterior 
descending branch, and the first two segments of the 
circumflex branch were the sites most affected by 
acute lesions. 





Fig 3 Photomicrograph showing fissuring of an 
atheromatous plaque with resealing by a small mural 
thrombus (arrows). 
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Fig4 Photomicrograph showing plaque rupture 
accompanied by both intraluminal and intramural thrombus. 
The affected vessel had an 88", loss of cross sectional luminal 
area and the luminal thrombus occupied 35", of the stenosed 
lumen. 
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Fig5 Distribution of plaque rupture in 59 subjects 
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Table 2 Degree of thrombotic occlusion caused by 
intraluminal thrombi in 61 victims of sudden cardiac 
ischaemic deata 








Size of largest Number Coronary artery 
thrombus per cas: of 
of lumen subjects RCA LAD Cx 

1-24 12 3 6 3 
25-50 14 7 5 2 
51-75 12 5 6 l 
76-100 23 9 7 7 
Total 61 24(39",) 24(39",)13(22",) 





RCA, right coronary artery; LAD, left anterior descending artery; 
Cx, circumflex zrtery. 


ACTIVITY AND DURATION OF SYMPTOMS 

There was no correlation between the duration of 
symptoms before death and the occurrence of plaque 
rupture or intraluminal thrombus (tables 3 and 4). 
The occurrence of acute coronary lesions was not 
related to activity at the time of death (table 5). 


STATUS OF THE MYOCARDIUM 
The nitroblue tetrazolium method used in combina- 
tion with routine histology showed that 38 (41",,) of 
the 92 subjects in whom there was unequivocal evi- 
dence of coronary death had recent myocardial 
necrosis. Thirty four of these 38 showed evidence of 
acute coronary events. Table 6 summarises the 
findings in -he subjects with myocardial necrosis. 
Forty six (50",,) subjects had old (or healed) myo- 
cardial infarctions. Twenty four of these had old 
lesions in one or more of the coronary arteries 
(recanalisation). 
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16 17 18 19 
1st DG 2nd DG Cx 


(numbers indwate segments as shown in fig 1). 
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RCA, right coronary artery; LMCA, left main coronary artery; LAD, left anterior descending 
artery; Ist DG, first diagonal branch of LAD; 2nd DG, second diagonal branch of LAD; 


Cx, circumflex artery; OM, obtuse marginal artery. 
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Table3 Relation of the interval between onset of symptoms and death to occurrence of plaque rupture (total number 


92 subjects) 

Interval 15 mn 15—60 min 
Number of subjects 31 ll 
Number with plaque rupture 20 (65%) 9 (8295) 


333 
1-6h 6-24 h Unknown 
11 11 28 

6 (5595) 6 (55%) 18 (64%) 


Table4 Relation of the mterval between onset of symptoms or death to the presence of a thrombus (total number 92 subjects) 





Interval 




















15 mn 15-60 min 1-6h 6-24 h Unknown 

Number of subjects 31 ll 11 11 28 
Number with thrombus 20 (65%) 7 (64%) 8 (73%) 8 (73%) 18 (64%) 

Table5 Relation of activity at time of death to presence of acute lesion (total number 92 subjects) 

Plaque rupture mth mural 

Activity Luminal thrombosis thrombosis or haemorrhage No acute lesion 
Sleeping or sedentary (61 subjects) 42 (69%) 13 (21%) 6 (10%) 
Moderate activity (15 subjects) 9 (60%) 3 (2094) 3 (2095) 
Strenuous activity (16 subjects) 10 (63%) 4 (2594) 2 (1295) 
Table6 Findings in 38 cases with recent myocardial necrosis 

Location Number Right Left anterior Left Recent event Recent event No 
of of coronary ercumflex m more than tn unexpected recent 
necrosis infarcts event event event one artery artery event 
Anterior 9 5 8 1 5 0 1 
Lateral 3 1 0 2 0 0 0 
Posterior 16 10 3 7 6 2 3 
Circumferennal 8 4 6 0 2 0 0 
Septal 2 1 2 0 1 0 0 





SUBJECTS IN WHOM THE CAUSE OF DEATH WAS 

IN DOUBT 

Eight of the 100 subjects showed varying degrees of 
stenosis, between 20% and 73% (mean maximum 
stenosis 5395), without demonstrable acute coronary 
lesions and the cause of death must be considered to 
be in doubt. In common with a similar London 
study!^ these subjects were excluded from further 
analysis. 


NON-ISCHAEMIC DEATHS 
Table 7 shows the identified cause of death in the 


Table7 Cause of death in 30 subjects who died of 
non-ischaemic causes 


Cause of death Number 
Respiratory disease 6 
ovascular (non-1schaemic) 6 
Overdose 13 
Infections 2 
Cerebrovascular disease 2 
Unknown cause 1 


group of 30 subjects in whom a non-ischaemic cause 
of death was found. No intraluminal thrombosis was 
found in any of these 30 subjects. Plaque fissuring 
accompanied by intimal haemorrhage was, however, 
present in one (a victim of drug overdose). 


Discussion 


The controversy about the frequency of coronary 
thrombi and plaque rupture in sudden ischaemic 
death is unresolved, with various groups reporting 
markedly, different findings.? 14 !5 The data reported 
in the present study indicate that in 88% of subjects 
where death occurred suddenly from ischaemic 
heart disease there was a recent lesion in one or more 
of the coronary arteries. The findings in this study 
resemble those of a recent similar study by Davies 
and Thomas.!° Both studies confirm that when a 
careful and detailed examination of the whole epi- 
cardial coronary tree is made acute lesions are often 
found. This study has demonstrated the nature and 
frequency of acute coronary events in sudden death 
from ischaemic heart disease. Pathological exam- 
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ination, however, cannot determine the precise 
pathophysiological mechanisms involved—low 
cardiac output (pump failure) or arrhythmia (ven- 
tricular fibrillation). 

Plaque rupture or fissuring has been recognised 
by pathologists for many-years,'®~ 1° yet it is still not 
widely appreciated that rupture of the soft lipid rich 
plaque is a major and common life-threatening 
event. The degree of pre-existing stenosis appears to 
play.a decisive role in the sequelae of plaque 
fissuring. When there is rupture of a plaque that 
occupies <75% of the cross sectional area of the 
artery intimal haemorrhage without thrombosis is 
frequently found. When the plaque causes stenosis 
>75% of the cross sectional area its rupture is often 
associated with thrombosis. This accords with the 
findings of Falk.!? 

This study of sudden death shows that plaque 
fissuring is more common 1n certain segments of the 
coronary tree than in others. These segments, how- 
ever, were also the sites of higher grades of stenosis 
and highest frequency of thrombosis, and therefore 
anatomical site by itself probably does not determine 
the likelihood of plaque rupture. Plaque rupture 
seems to be an important part of the atherosclerotic 
process which may result in acute vessel occlusion 
and its outcome is determined to a great. extent by 
the degree of pre-existing stenosis. If the pre- 
existing stenosis is severe, acute vessel occlusion will 
occur; less severe stenosis may only result in an 
increase in plaque size. The size of the cracked 
intimal cap and the platelet response at the site of 
rupture also play an important role in determining 
the nature of the lesion accompanying the rup- 
ture.^!? This study confirms that intraluminal 
thrombosis is a common finding in segments of 
coronary artery in which there is plaque rupture. 

Our study has identified a subgroup in the 92 sub- 
jects who died suddenly from ischaemic heart dis- 
ease in whom no acute coronary lesion could be 
identified. This group of 11 subjects with definite 
ischaemic heart disease but no acute coronary lesion 
showed stenosis producing more than 75% loss of 
luminal cross sectional area in at least one major 
coronary artery. Although we cannot rule out the 
possibility of missing a small area of plaque fissuring 
or a tiny thrombus there are other possible mech- 
anisms for sudden cardiac death. These include 
platelet microthrombi, coronary artery spasm, 
myocardial oxygen supply/demand imbalance, or 
- disturbances of rhythm. 

Acute lesions in the proximal coronary arteries 
may produce larger areas of ischaemic myocardium 
and are more likely to cause death. This seems to 
accord with the clinical and angiographic findings 
when severely stenosed proximal arteries are 
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bypassed by grafts and long term survival is 
improved.?? 

Local vascular spasm precipitated by plaque rup- 
ture is anotber possible explanation for the mech- 
anism of death, as is a large mural thrombus bulging 
into the lumen and obstructing the vessel in the 
absence of associated intraluminal thrombosis.!? 
Another possibility is that there may have been 
spontaneous lysis of intraluminal thrombus ante- 
mortem.? 

The relatively low frequency of demonstrable 
myocardial infarction in the present study (41%) 
must in part reflect the sudden nature of death, as 
the nitroblue tetrazolium test and conventional his- 
tology do not detect infarction where the survival 
period is short.!? 

Acute coronary lesions were a common finding in 
cases with recent myocardial necrosis and in all cases 
except two they occurred in the artery supplying the 
area of infarction. In cases with diffuse sub- 
endocardial infarction significant stenoses were 
noted in all three major coronary vessels. The study 
also showed that in about half the cases with healed 
infarcts the ischaemic damage was probably due to 
an old coronary event. This was suggested by the 
presence of recanalisation in the supplying artery in 
24 of the 46 cases with old infarcts. 

'This study provides no evidence of an association 
between the occurrence of acute coronary lesions 
and the interval between the onset of symptoms and 
time of death. Others have claimed that acute coro- 
nary lesions are not found in subjects dying instanta- 
neously from ischaemic heart disease.?!?? It was 
also claimed that the longer the duration of survival 
after the onset of symptoms, the more frequently are 
acute lesions present. Our study does not confirm 
claims that plaque rupture is more commonly the 
underlying fatal event in older rather than younger 
patients! $; however, we found a higher frequency of 
intimal haemorrhage accompanying the rupture in 
the older group. Furthermore, our study has shown 
no association between the activity at the time of 
death and the presence of acute coronary events. 
This finding-does not contradiet the possibility-that 
sudden unaccustomed activity may precipitate sud- 
den coronary death. It is possible, however, that the 
sudden rupture of the thin fragile cap may require 
no more than normal haemodynamic stresses.! 

The importance of acute coronary lesions as the 
mechanism of sudden ischaemic death is emphasised 
by their absence in the majority of subjects who died 
of causes other than ischaemic heart disease (plaque 
fissuring was noted in only one of 30 such subjects). 
Circumferential myocardial infarction was present 
in two of these subjects and may be explained by 
pre-terminal hypotension, as one died of intracere- 
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bral haemorrhage and the other of a drug overdose. 

The results of this study emphasise the 
importance of acute plaque events in atherosclerotic 
coronary arteries as the major cause of sudden car- 
diac death in Glasgow. The events take the form of 
plaque rupture and are commonly associated with 
thrombosis. The findings in this study and in a simi- 
lar recent London study!’ suggest little-difference 
between the two cities in the nature and frequency of 
acute coronary events occurring in those who die 
suddenly. 


This work was supported by a grant from the Scot- 
tish Hospital Endowments Research Trust. 
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A double blind placebo controlled comparison of 
verapamil, atenolol, and their combination in patients 
with chronic stable angina pectoris 
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SUMMARY The efficacy and effect on cardiac function of verapamil 120 mg three times a day and 
atenolol 100 mg once a day, singly and in combination, were evaluated in 15 patients with angina 
pectoris. While they were on the combination treatment four patients withdrew from the study. 
Episodes of angina pectoris and glyceryl trinitrate consumption were significantly reduced only 
on the combination. On the combination only four patients developed evidence of ischaemia 
during exercise compared with seven on verapamil and ten on atenolol. ST segment depression 
at peak exercise, assessed by 16 point precordial mapping, was reduced by all active treatments 
from 7-1 on placebo to 2:7, 0-9, and 0-6mm on atenolol, verapamil, and the combination 
respectively. Mean left ventricular ejection fraction fell significantly from 60% on placebo to 


53°% on the combination but was unchanged on verapamil and atenolol. 
Verapamil was an effective alternative to atenolol; the combination was the most effective 
treatment but was associated with a significant morbidity. 


Although f adrenoceptor blockers remain the main- 
stay for the treatment of effort related angina 
pectoris, in a considerable number of patients they 
may cause troublesome side effects, are only 
partially effective, or are relatively contraindicated. 
Recently calcium antagonists have been intro- 
duced into the management of the various forms of 
angina pectoris including that related to effort.! ? 
The differing and possibly complementary actions 
of the f blockers and calcium antagonists raise the 
possibility that a combination of these two agents 
may have beneficial or detrimental interactions.* 
While it is generally accepted that the combination 
of the calcium antagonist nifedipine and a f blocker 
is safe in patients with normal ventricular func- 
tion,* ^" caution has been advised with the combina- 
tion of verapamil and a B blocker because of the 
likely, and possibly detrimental, mutual potentiation 
of effects on cardiac conduction and con- 
tractility.!  ? We have evaluated the effects of vera- 
pamil and atenolol, singly and in combination, on 
cardiac function in patients with stable angina. 
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Patients and methods 


Fifteen patients (10 men) were recruited from the 
cardiology clinic of the Western Infirmary (table 1). 
All had chronic effort related angina pectoris with a 
stable pattern of symptoms for at least three months 
and none had pain at rest. All had an unequivocally 
positive exercise test for myocardial ischaemia 
(20-1mV ST segment depression occurring 80 ms 
after the J point) at the end of a two week single 
blind placebo run in period during which all other 
antianginal medication was withdrawn. 

We excluded patients with appreciable chronic 
obstructive airways disease, severe hypertension 
(blood pressure > 170/110 mm Hg off all treatment), 
myocardial infarction within the previous three 
months, peripheral vascular disease, previous con- 
gestive cerdiac failure, or evidence of pronounced 
conduction abnormalities on the electrocardiogram. 
Coronary arteriography was carried out in most 
patients after the study was completed. 


TRIAL DESIGN 

There were four treatment periods each lasting three 
weeks. They were placebo, verapamil 120 mg three 
times a day, atenolol 100mg once a day, and the 
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Table 1 Patient characteristics, exercise test (Bruce protocol), and coronary anatomy in patients with chronic stable angina 








Vessels mth significant 
Previous Exercise stenosis (> 50% of 
Age Sex infarct time (mm) Treatment luminal diameter ) 

1 59 M — 60 Nifedipine Not known 

2 55 M — 73 Atenolol/nifedipine LAD, Cx, 100% RCA 

3 55 M Inf 43 lol LAD, Cx, 100% RCA 

4 53 F Inf 60 Triple therapy 100% Cx, RCA 

5 51 M — 8-3 Metoprolol LAD, Cx, 100% RCA 

6 57 M — 43 Nifedipine/nitrate LAD, OM, 100% RCA 
7 52 M — 40 None LAD, Cx, 100% RCA 

8 62 F n/t Ant 30 Atenolol 100% LAD, 100% Cx, RCA 
9 60 F — 50 nen een ad , Cx, RCA 
10 58 M Ant 40 Pindolol/nitrate 100% LAD, 100% RCA 
11 65 M — 30 Atenolol Not known 

Withdrawn from study 

12 48 M — 12-0 Metoprolol LAD, Cx, RCA 
13 44 F — 60 None OM, 1st diag 
14 52 F — 40 Atenolol/nifedipme Cx, 100% RCA 
15 54 M — 40 None LAD, 10095 Cx, RCA 


—————————————————————————————————— 
Ant, anterior; Inf, inferior; n/t, non-transmural, LAD, left anterior descending, Cx, circumflex; RCA, right coronary artery; OM, obtuse 


; Ist diag, first diagonal. 100% = blocked. 
combination. The order of administration was 
determined by a balanced latin square design, and 
the use of a double dummy technique ensured that 
all treatments were visually identical. At the end of 
each study period the following assessments were 
made. 


Subjective data 
Patients recorded the frequency of angina and con- 
sumption of glyceryl trinitrate on diary cards and 
each was asked to follow his or her normal daily rou- 
tine throughout the trial. Moreover, patients were 
instructed to use glyceryl trinitrate for the treatment 
of acute attacks of angina but were asked to refrain 
from using it prophylactically. 

Patients were asked about any important side 
effects and treatment preference. 


Objective data 

Heart rate and blood pressure—Heart rate and blood 
pressure were recorded after three minutes’ re- 
cumbency and two minutes’ standing and at the end 
of each exercise test. 

Exercise testing: 16 point precordial electro- 
cardiographic mapping—Patients exercised on an 
electronically braked bicycle ergometer. They 
started at 25 W and the workload was increased by 
25 W every three minutes. Patients became familiar 
with the exercise test during three supine bicycle ex- 
ercise tests performed while treatment was being 
withdrawn and before entry into the placebo run in 
period. Each patient’s maximum workload was de- 
termined at the end of this period and thereafter he 
or she exercised to that workload. The number of 
points showing 7 1mm planar ST segment depres- 
sion (area of ischaemia) and the total ST segment 


depression were recorded immediately and at 1, 3, 5, 
and 10 minutes after exercise.|? Heart rate and 
blood pressure were monitored throughout the test. 
24 hour ambulatory electrocardiographic monitoring— 
Ambulatory monitoring was carried out with the 
Medilog I system. The tapes were analysed for mean 
hourly heart rate and for abnormalities of cardiac 
rhythm and conduction. The PR interval was 
recorded from a standard 12 lead electrocardiogram 
taken immediately before ambulatory monitoring. 
Radionuclide ventriculography—Gated radionuclide 
ventriculography was carried out at rest and during 
the last two minutes of bicycle exercise. The blood 
pool was visualised after the patient’s red blood cells 
had been labelled in vivo with 800mBq of 
technetium-99m. Scintigraphic images were ob- 
tained by means of an Ohio series 100 single crystal 
gamma camera fitted with a high resolution parallel 
hole collimator, interfaced with a Varian computer.? 
In our department left ventricular ejection fraction 
obtained by radionuclide ventriculography cor- 
related well with contrast angiography (r = 0-8 n = 
32); intraobserver reproducibility was high (r = 
0-95) and the standard error of the estimate was 3%. 
Drug and catecholamine  concentrations—Plasma 
concentrations of verapamil and nor-verapamil were 
measured in blood samples collected 2—4 hours after 
the last dose. Plasma atenolol concentration was 
measured 6-8 hours after the last dose.!! 12 Plasma 
noradrenaline (an index of peripheral sympathetic 
activity) was measured after the patient had been 
recumbent for 15 minutes. +° 


STATISTICAL ANALYSIS 
This was performed by repeated measures analysis 
of variance across the four treatments. A Bonferroni 
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correction for multiple comparisons was applied to 
allow for the possibility of spurious differences gen- 
erated by the use of multiple t tests and an overall 


“significance level of- 595 was used.!* The inter-. 


pretation' of the results is shown in the appendix. 
The work done to the onset of angina pectoris and 
ST depression was analysed by log rank analysis.!* 


Results 


Four patients withdrew from the study and are not 
included in the results. The study was analysed for a 
possible order or-crossover effect but this was not 
apparent. 


SUBJECTIVE 

- Angina pectoris and glyceryl trinitrate consumption :. 
The mean frequency of angina pectoris was 30-0, 
19-9, 16:8, and 7-6 episodes on placebo, atenolol, 
verapamil, and the combination respectively; only 
on the combination treatment was this reduction 
significant. Mean glyceryl trinitrate consumption 
was 37-1, 139.7, 9-0, and 5-9 tablets (all not 
significant). Patient number 10 experienced severe 
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angina pectoris on placebo with over one hundred 
attacks many of which required two glyceryl tri- 
nitrate tablets for the relief of pain. Removal of this 
Gutlier from the analysis considerably reduced the 
average placebo values and also the estimate of over- 
all variability of glyceryl trinitrate consumption 
from +8-9 to +2-4 and frequency of angina pectoris 


_ from +43 to +2-9; this reduction in variability 


leads to improved treatment comparisons (table 2). 
Overall the combination was the most effective 
treatment in reducing both the frequency of angina 
and glyceryl trinitrate consumption. 


OBJECTIVE 
Heart rate ard blood pressure (tables 3 and 4) 
Verapamil and atenolol given alone significantly re- 
duced erect and.supine heart rate’but had no effect 
on systolic or diastolic blood pressure. Resting heart 
rate was lowest on the combination but this was not 
significantly different from that on atenolol. The 
combination reduced both erect and supine, systolic 
and diastolic, blood pressure. 

All active treatments significantly reduced the 
heart rate during exercise. This was most pro- 


Table 2 Mean episodes of angina pectoris and glyceryl trinitrate consumption during each three week treatment period 


(excluding patient 10 (see text) ) 











Treatment comparisons 
Variable F value p value Placebo Verapamil Atenolol Combination Pooled SE 
Angina pectoris 54 «0 005 236 15-2 17-7 71 29 
Glyceryl trinitrate — 57 «0 006 183 5-8 108 3-9 24 


"ETIN 


There 1s a significant difference between variables that are not connected by a line 


Table3 Mean heart rate (HR), blood pressure (BP), and rate pressure product x 100 (RPP) at rest and at placebo run 


maximum exercise workload 
ae 











Variable F value p value Placebo Verapamil Atenolol Combination Pooled SE 

^ ^ Supine HR 440 <0 001 3 7 9€ 53 20 
Standing HR 480 «0 0001 56 85 61 55 22 
Maximum HR 660 «0 0001 i21 107 91 77 24 
Supine systolic BP — 105 «0001 6 159 15 122 25 
Erect systolic BP 96 <0 001 B7 B3B T5 — —1T5 30 
Supme diastolic BP. 9:7 «0 001 90 87 88 74 24 
Erect diastolic BP , 108 <0 001 91 83 82 "n 25 
Exercise systolic BP 149 «0 001 173 165 166 148 29 
Resting RPP 390 «0 0001 113 102 83 65 36 
Exercise RPP 510 «0 0001 215 178. 153 . i16 63 


There is a significant difference between variables that are not connected by a hnc. 
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Table 4 Rest and exercise heart rate at maximum workload 
achieved during placebo run in 
ee 


Resting heart rate Exercise heart rate 
Patent P V A C P V A C 


1 100 85 65 64 130 128 92 102 
2 76 60 58 39 103 98 88 60 
3 75 80 60 62 126 118 98 94 
4 96 74 68 56 130 110 92 73 
5 88 100 85 58 142 135 115 92 
6 79 64 53 56 122 102 94 86 
7 62 69 54 52 90 95 70 72 
8 80 58 44 45 120 100 90 74 
9 104 83 68 60 142 105 98 74 
10 76 60 49 38 98 101 75 57 
11 72 70 53 48 110 90 88 66 





P, placebo; V, verapamil, A, atenolol; C, combination. 


nounced on the combination, when the mean 
achieved heart rate was only 77 beats per minute— 
significantly lower than that on atenolol. Systolic 
blood pressure was lower during exercise only on the 
combination but the rise in blood pressure was simi- 
larly attenuated by all active treatments. 

The rate pressure product was significantly re- 
duced at rest and during exercise by all active treat- 


339 


ments; the reduction was most marked on the 
combination. 


16 point precordial electrocardiograpic mapping 
During exercise 11, 6, 3, and 2 patients developed 
S'T segment depression and 10, 8, 5, and 3 devel- 
oped angina on placebo, atenolol, verapamil, and the 
combination respectively. The work done to the on- 
set of angina pectoris was significantly increased 
only on verapamil and the combination (p < 0:05 
and p « 0-01); work done to the onset of ST seg- 
ment depression was significantly improved on all 
active phases (p < 0-05, p < 0 005, and p < 0-001 
for atenolol, verapamil, and the combination re- 
spectively. On the combination seven patients 
showed no evidence of exercise induced ischaemia 
(ST depression or angina) compared with four on 
verapamil and one on atenolol. 

Table 5 shows the area and sum of the ST 
segment depression immediately after exercise and 
during the 10 minute recovery period. 


Teoenty four hour ambulatory electrocardtographic 
monitoring 
The figure shows the mean hourly heart rate during 


Table5 Mean area of ischaemia (posite points) and ST segment depression at peak exercise and over the 10 minute 
recovery period as assessed by 16 pomt precordial electrocardiographic mapping 


: 








Treatment comparisons 

Variable F value p value Placebo Verapamul Atenolol - Combination Pooled SE 
et di EM RN 
Peak exercise: — 
- Area of ischaemia 193 <0 001 52 07 23 04 05 

ST depression 157 «0 001 7l 09 27 0-6 08 
Recovery. 

Area of ischaerma — 143 <0 001 35 10 3-5 11 

ST depression 13-0 «0-001 113 


90 


- eoo. 
eo eo 


. Heart rate (beats/miii) 
e 
eo 


..| Combination 


Figure 





12 36 0-8 1-4 


24:00 02:00 0400 06:00 08:00 10:00 12:00 1400 16:00 18:00 20.00 22:00 
Time (hours) 


Mean hourly heart rate recorded during 24 hour ambulatory electrocardiographic monitoring. 
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ambulatory monitoring. All active treatments re- 
duced the heart rate. The combination produced the 
greatest reduction. The mean PR interval varied 
from 0-17 to 0-19 seconds and there was no 
difference between the active treatments; it exceeded 
0:2 seconds in 1, 3, and 4 patients on atenolol, 
verapamil, and the combination respectively; only 
on verapamil did it exceed 0-22 seconds (0:26 and 
0-28 in patients 6 and 4). 


Radionuchde and ventriculography 

The mean (pooled SE) resting left ventricular ejec- 
tion fraction was similar on placebo, verapamil, and 
atenolol at 60, 57, and 59 but fell significantly on the 
combination to 53 (3). During exercise the mean 
(pooled SE) left ventricular ejection fraction did not 
change significantly and was similar at 55, 56, 57, 
and 53 (3) on placebo, verapamil, atenolol, and the 
combination respectively. On verapamil, atenolol, 
and the combination, 1, 1, and 4 patients res- 
pectively had a pronounced fall in left ventricular 
ejection fraction from placebo values (> 1095). In 
only one patient was this associated with an adverse 
reaction. 


Plasma concentrations of drugs and catecholamines 
Plasma concentrations of both atenolol and vera- 
pamil varied greatly during single and combination 
treatments and there were no significant differences 
in mean concentrations between single and combi- 
nation treatments. Mean concentrations of vera- 
pamil in pmol/l were 350 (range 127-600) and 445 
(range 210—757), nor-verapamil 252 (range 77-376) 
and 324 (range 149—500), and atenolol 546 (range 
130-1304) and 420 (range 100—867) on single and 
combination treatments respectively. 

There was no consistent relation between vera- 
pamil and atenolol concentrations and subjective 
side effects or objective changes. Resting nora- 
drenaline concentrations (normal range 0 8-3-0 
nmol/l) were similar during all treatment periods: 
2-48, 2.90, 2-81, and 2:36 (0-3)nmol/l (NS) for 
placebo, verapamil, atenolol, and the combination 
respectively. 


SIDE EFFECTS 

Adverse side effects were common during the com- 
bination treatment. Four patients (cases 12-15, table 
1) withdrew from the study during the combination 
phase; one developed nodal rhythm, hypotension, 
and unstable angina requiring coronary artery vein 
graft surgery and three experienced severe dizziness 
and intolerable fatigue. These effects occurred 
within 24 hours of starting the combination treat- 
ment. The most serious, adverse reaction that oc- 
curred in those completing the study was left 
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ventricular failure occurring in association with a 
sinus bradycardia of 38 beats per minute together 
with frequent periods of sinus arrest, one of which 
lasted four seconds (patient 10). This resolved 
promptly with intravenous diuretics and an increase 
in heart rate occurred. He continued on the combi- 
nation treatment with a diuretic. Radionuclide ven- 
triculography was carried out three days later. Left 
ventricular ejection fraction was 43% compared 
with 47% on placebo. Patient 2 experienced persis- 
tent orthoststic dizziness, lethargy, and exertional 
dyspnoea. His standing blood pressure fell from 
135/100 mm Hg to 112/75, 100/80, and 95/60 on 
placebo, verapamil, atenolol, and the combination 
respectively. On the combination he had a resting 
sinus bradycardia of 39 beats per minute which al- 
ternated with periods of nodal rhythm. In addition, 
there were episodes of sinus arrest with pauses of up 
to 2-5 seconds before nodal escape occurred. Three 
other patients experienced persistent fatigue or 
breathlessness (cases 4, 9, and 11). Although pa- 
tients 9 and 11 had the lowest resting ejection frac- 
tion on placebo (46% and 47% respectively), only 
patient 2 hed a considerable fall in resting ejection 
fraction on the combination (from 64% to 49%). 

During ambulatory monitoring patient 9 showed 
similar but less frequent episodes of bradycardia as 
patient 2. Patient 11 developed considerable ankle 
oedema during combination treatment but there was 
no other clinical evidence of heart failure. Patient 8 
demonstrated sinus bradycardia on atenolol alone; 
the lowest recorded rate being 38 beats per minute 
for five seconds. 

No important problems were encountered during 
placebo or verapamil treatment. Constipation was 
troublesome in two patients on verapamil and on the 
combination; and another patient was constipated 
on atenolol. Five patients expressed a preference for 
verapamil as the most effective and acceptable treat- 
ment, one for atenolol, two-for the combination, and 
three had no preference. 


Discussion 


Despite earlier equivocal studies verapamil in doses 
of 360 to 480 mg per day is an effective antianginal 
agent!ó^?5 In this study verapamil markedly 
reduced exercise induced ischaemia and was at least 
as effective as atenolol despite producing a smaller 
reduction in the exercise rate pressure product. Sim- 
ilar observations were reported when verapamil was 
compared with propranolol!?^!? and these support 
the view that verapamil may have additional proper- 
ties, including favourable effects on coronary blood 
flow and ventricular diastolic function.?? 
Verapamil produced greater mean reductions in 
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all objective and subjective indices of ischaemia than 
did atenolol but in general the combination was the 
most effective treatment. Although the reduction in 
the frequency of angina and in glyceryl trinitrate 
consumption was greatest during combination treat- 
ment, almost 50% of patients found that verapamil 
was the most acceptable treatment. 

On combination treatment there was a pro- 
nounced reduction in the rate pressure product dur- 
ing exercise, principally through a lowering of heart 
rate, which was significantly greater than that on 
atenolol alone. Though reduction in exercise tachy- 
cardia is an important factor in lowering myocardial 
oxygen consumption, the considerable fall in heart 
rate that occurred in some of our patients may not be 
entirely beneficial. It may lead to such a reduction in 
cardiac output that lethargy and fatigue will occur 
during even moderate exertion and it 1s possible that 
the subjective side effects observed resulted from 
this effect. 

The negative inotropic and chronotropic effects of 
short term verapamil treatment are offset by the 
reflex increase in sympathetic activity consequent 
upon the fall in systemic vascular resistance.?! 
When verapamil is given for longer increased sym- 
pathetic activity is unlikely to persist.?? In this study 
concentrations of plasma noradrenaline were similar 
(and normal) during all four treatment periods. 

Resting left ventricular ejection fraction did not 
change on either of the active mono treatments, and 
though a significant fall has been reported on vera- 
pamil alone?? our findings resemble those of other 
investigators.?? 1? 18 On the combination treatment, 
however, mean left ventricular ejection fraction fell 
significantly and left ventricular failure developed in 
one patient. The increase in heart size and the devel- 
opment of dyspnoea and cardiac failure noted in 
other studies! *? emphasise the potential of the com- 
bination of verapamil and a B blocker to depress 
myocardial contractility. 

The left ventricular ejection fraction did not rise 
normally during exercise on any active treatment, 
despite the pronounced improvement in other indi- 
ces of ischaemia. This accords with other studies of 
verapamil and has also been reported with pro- 
pranolol.?°1® None the less, in a previous study 
comparing nifedipine and atenolol, singly and in 
combination, left ventricular ejection fraction rose 
during exercise on nifedipine and on the combina- 
tion but not on atenolol. This does not necessarily 
imply that this combination exerts a greater anti- 
ischaemia effect; rather it suggests that a greater 
reduction in left ventricular afterload occurs with 
nifedipine which is the most potent vasodilator 
among the existing calcium antagonists. 

We observed a wide inter- and intraindividual 


341 


variation in plasma concentrations of verapamil, 
with a range which resembled that reported in other 
studies.9171923 The probable lower effective 
plasma concentration of verapamil is around 
approximately 100 mol/l; in general plasma con- 
centrations of verapamil above this bear little 
relation to the clinical effect.2* Verapamil undergoes 
rapid and extensive first pass metabolism,?5 as do 
the lipophilic f blockers such as propranolol, 
oxprenolol, and metoprolol.?$ A pharmacokinetic 
interaction has been described between metoprolol 
and verapamil?’ though Warrington et al did not 
demonstrate such an interaction between verapamil 
(50mg three times a day) and propranolol, met- 
oprolol, or atenolol.?? We postulated that atenolol, 
an hydrophilic cardioselective f blocker that does 
not undergo appreciable hepatic metabolism and 1s 
excreted largely unchanged by the kidneys,?5 would 
not be susceptible to such an interaction with vera- 
pamil. To our knowledge there are no reported data 
on the long term influence of f blockade on vera- 
pamil concentrations in patients with coronary heart 
disease. We observed a modest rise 1n mean plasma 
concentrations of verapamil and nor-verapami] dur- 
ing combination treatment, which was not statisti- 
cally significant. 

Plasma concentrations of verapamil and atenolol 
taken from patient 10 during his admission with car- 
diac failure (12 hours post-dose) were 448 and 
276 pmol/l respectively. Two days later (2 and 6 
hours post-dosing), when the cardiac failure had 
resolved, the concentrations were 210 and 
100 umol/l respectively, the lowest recorded in any 
patient. It may be that relief of hepatic congestion 
and increased renal perfusion improved metabolism 
and excretion and thus produced lower concen- 
trations of these agents. In general, however, there 
was no obvious relation between plasma concen- 
trations and observed and reported adverse reac- 
tions. It would be difficult to demonstrate such a 
relation, given the reported wide variability of 
plasma concentrations within individuals even over 
a 24 hour period.?? ?? Plasma concentrations in this 
study varied considerably during single and combi- 
nation treatment. The absence of a consistent 
change during combination treatment does not sug- 
gest an important pharmacokinetic interaction; thus 
we conclude that the effects of this combination are 
principally the result of pharmacodynamic inter- 
action. 

Previously the safety and efficacy of combining 
verapamil with a f) blocker have been studied mainly 
with propranolol! *? 233! but major adverse effects 
have been reported during combination with other f 
blockers.)??? The reported frequency of hae- 
modynamic and electrophysiological adverse reac- 
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tions is variable; and ın one review it was reported to 
be approximately 1495.2* These results were 
obtained in selected patients who had previously tol- 
erated both types of drug,! 3! and in whom the dose 
was titrated to avoid adverse effects,! ® and who had 
been studied in a previous trial! or under hospital 


supervision.’ ??3 3! Furthermore, in patients with ~ 


poor effort capacity and depressed ventricular ejec- 
tion fraction the frequency of adverse reactions mses 
significantly?! 

Reports of the combination of verapamil and 
atenolol in patients with angina pectoris are sparse. 
In one study adverse reactions were not reported?? 
and in another open study mild left ventricular fail- 
ure occurred in five of 31 patients in whom vera- 
pamil was added to atenolol to control resistant 
angina.? In contrast, we experienced quite frequent 
(and in one case severe) adverse reactions on the 
combination that were not readily predictable even 
with detailed knowledge of cardiac function. Despite 
a fall in mean left ventricular ejection fraction on the 
combination, these side effects occurred principally 
in those in whom important bradycardia occurred. 

Thus in this study we have used these two drugs 
at doses that might be considered maximal. Both are 
effective antianginal agents and it is likely that they 
will be used in combination in patients with angina. 
If they are we advise that the dose of the drug cur- 
rently being taken should be reduced when a low 
dose of the other drug is added, and that the doses 
should be titrated to achieve the maximum tolerated 
effective dose. The presence of a previous myo- 
cardial infarction should alert the clinician to the 
possibility that the patient may tolerate combination 
treatment poorly. Any documented bradycardia is 
an absolute contraindication to such treatment. 


CONCLUSION 

Verapamil was an effective and well tolerated alter- 
native to atenolol in patients whose exercise capacity 
was severely limited by chest pain. Since most 
patients were incompletely controlled on f blockers 
before entry into the study, a selection bias against 
atenolol may have been a factor. The data do sug- 
gest, however, that it would be appropriate to 
change from a f blocker to verapamil if the patient's 
symptoms are not controlled, before adding another 
antianginal agent. The combination of these agents 
further improved overall effectiveness; it has a place 
in certain patients but caution is required in its use, 
which must be closely supervised. 


We thank Dr Rupinda Bhamra of the Poison's Unit 
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verapamil, nor-verapamil, and atenolol concen- 
trations. Iain N Findlay was supported by a grant 
from the British Heart Foundation. 
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Appendix 


(a) The presentation of results gives an F value and 
corresponding p value of the test of the hypothesis 
that all four treatments give the same average 
response for that variable. 

(b) The treazment comparisons P, placebo; V, vera- 
pamil; A, atenolol; and C, combination are given in 
a standard form to be interpreted as follows. 


G) P V A C means that there is no significant 
difference between the treatments C and A but both 
are different from V and also from P which itself is 
different from V. 





Gi) P V A C means that the only significant 
differences were between C and each of the three 
treatments which themselves showed no significant 
differences between themselves. 


(ii P V A C means that C and A were not 
significantly different and that no separation 
between A, V, and P could be found—that is the 
only significant differences were between C and V 
and between C and P. 

Virtually all F tests were referred to a F? ?? distri- 
bution. The pooled standard error (SE) of the mean 
for any variable is given after the mean values. 
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Left main coronary artery occlusion with preserved 
left ventricular function: a report of three cases 
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SUMMARY "Three patients with angina pectoris are reported in whom occlusion of the left main 
coronary artery was found at coronary arteriography. In these three patients left ventricular 
function was well preserved. In all three the right coronary artery was dominant and there were 
prominent epicardial and septal collateral vessels to the territories normally supplied by the left 


anterior descending and circumflex arteries. 


It seems reasonable to suggest that this coronary artery anatomy and collateral vessel formation 
accounted for the preservation of the left ventricular myocardium in these patients. 


It has recently been proposed that occlusion of a 
coronary artery is commonly precipitated by rupture 
of an atherosclerotic plaque followed by super- 
imposed thrombosis.! The reduction of local blood 
flow to the myocardium commonly results in seg- 
mental myocardial infarction or sudden death. The 
extent of the area of infarcted myocardium depends 
in part on the degree of availability of alternative 
sources of blood supply. Two mechanisms of alter- 
native blood supply that may be important in reduc- 


ing the volume of infarcted myocardium are^ 


variations in the size and distribution of the coro- 
nary arteries and the development of collateral ves- 
sels. The degree of development of collaterals may 
depend on the duration of angina pectoris and the 
frequency and severity of episodes of myocardial 
ischaemia; but the time course for development of 
collateral vessels in man is not known.? 

We report three patients with angina pectoris in 
whom occlusion of the left main coronary artery was 
found at coronary arteriography but in whom little 
or no impairment of left ventricular function was 
detectable. The possible contribution of variations 
in coronary anatomy and of collateral vessel for- 
mation to preservation of left ventricular function in 
such patients is discussed. 
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Patients and methods 


CASE! 

This 60 year old man presented with a two month 
history of angina pectoris precipitated by exertion. 
The clinical impression of angina pectoris was 
confirmed by a positive exercise test. Physical exam- 
ination was normal. Symptomatic improvement 
occurred initially on medical treatment, but he con- 
tinued to experience angina and cardiac cath- 
eterisation was performed two years after 
presentation. 

At cardiac catheterisation the left ventricular 
angiogram was normal; the ejection fraction was 
60%. The left ventricular end diastolic pressure was 
raised, being 15mm Hg before angiography and 
rising to 23 mm Hg. The main stem of the left coro- 
nary artery was occluded. The right coronary artery 
was dominant; however, the posterior descending 
artery did not reach the cardiac apex. A large col- 
lateral channel between the acute marginal branch of 
the right coronary artery and the left anterior 
descending artery was displayed. It had a calibre 
equal to that of the right ventricular wall branch and 
distal left anterior descending artery. Smaller col- 
lateral vessels connected the posterior descending 
artery to the distal left anterior descending artery, 
the conus artery to the proximal left anterior 
descending artery, the sinoatrial node artery to the 
left atrial circumflex, and the distal right coronary 
artery to the distal circumflex artery. There was 
extensive collateral development in the inter- 
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Fig! Angiogram (left anterior oblique projection) obtained 
after injection of contrast into the right coronary artery in 
patient 1. 


ventricular septum. There was a minor proximal 
right coronary artery stenosis with further lesions in 
the left anterior descending and circumflex arteries, 
which filled from the right coronary artery injection 
via the collateral channels described above (figs 1 
and 2). 

The patient steadfastly declined operation. Two 
years after cardiac catheterisation he continued to 
have stable effort angina pectoris, which he consid- 
ered to be adequately controlled by medical treat- 
ment. 


CASE 2 
A 60 year old man was referred with a 16 month 





Fig 2 
coronary artery injection shown in fig 1, demonstrating filling 
of the left anterior descending and circumflex coronary 
arteries and extensive development of collateral vessels. 


Angiogram obtained in the late phase of the right 





Fig3 Angiogram (right anterior oblique projection 
obtained after injection of contrast into the rig 
artery in patient 2. 





history of typical exertional angina of increasing 
severity despite medical treatment. Physical exan 
ination was unremarkable. An exercise test was posi 
tive. 

At cardiac catheterisation slight apical hypo 
kinesia was noted on the left ventricular angiogram 
The ejection fraction was 50",,. The left ventricular 





Fig 4 


Angiogram of the late phase of the right coronar 
artery injection shown in fig 3, demonstrating filling of th 
left anterior descending coronary artery 
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end diastolic pressure was Il0mm Hg before the 
angiogram and 11 mm Hg after it. The main stem of 
the left coronary artery was occluded. The dominant 
right coronary artery had a 40% proximal stenosis 
and had one large and two small left ventricular wall 
branches, and the posterior descending artery 
reached the cardiac apex. The left anterior 
descending artery was short and did not reach the 
cardiac apex. There was considerable development 
of epicardial and septal collateral channels. Stenoses 
were noted in the left anterior descending artery and 
circumflex arteries, which filled from the right coro- 
nary artery injection (figs 3 and 4). 

This patient was referred for coronary artery 
surgery. Vein grafts were placed in the left anterior 
descending artery and one of its diagonal branches, 
the obtuse marginal branch of the circumflex, and in 
the posterior descending branch of the right coro- 
nary artery. Six months after operation he was well 
and symptom free. 


CASE3 

A 49 year old man presented with a one year history 
of angina precipitated by cold or exertion. He had 
hypertension controlled by medical treatment. 
Physical examination was normal. The electro- 
cardiogram showed left ventricular hypertrophy 
(SV1 + RV5 = 37mm) and T wave inversion in 
leads I, aVL, and V2 — V6. Echocardiography 
confirmed mild concentric left ventricular hyper- 
trophy. 

At angiography the left ventricular angiogram was 
normal; the ejection fraction was 71%. Left ventric- 
ular end diastolic pressure was 10 mm Hg before the 
angiogram and 15mm Hg after it. The main stem of 
the left coronary artery was occluded. The right 
coronary artery was dominant with a 30% proximal 
stenosis and two large left ventricular wall branches 
extending beyond the posterior descending artery. 
Both the posterior descending artery and left ante- 
rior descending artery reached the cardiac apex. A 
large collateral channel joined the right coronary 
artery conus to the left anterior descending conus 
branches, and numerous smaller collateral channels 
were also seen. The distal left anterior descending 
and circumflex arteries filled from the right coronary 
artery injection. 

The patient was referred for coronary artery 
surgery. Vein grafts were inserted into the left ante- 
rior descending, diagonal, ramus medianus, and 
posterior descending arteries. Three months after 
operation he was symptom free. 


Discussion 


Occlusion of the left main. coronary artery may be 
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associated with sudden death and with widespread 
myocardial infarction leading to cardiogenic shock 
and death or continuing severe disability. In con- 
trast, the patients with left main coronary artery 
occlusion who we describe all had normal left ven- 
tricular ejection fractions and in only one patient 
was a minor focal abnormality of left ventricular 
contraction discernible on the left ventricular angio- 
gram. 

Preserved ventricular function when the left main 
coronary artery is occluded implies that the myo- 
cardium that is normally supplied by the left coro- 
nary artery receives a supply of oxygen and 
metabolic substrates from the right coronary artery 
that is adequate to maintain myocardial contractile 
function. In each of our three patients the right 
coronary artery was dominant and there were prom- 
inent epicardial and septal collateral vessels to the 
territories normally supplied by the left anterior 
descending and circumflex arteries. In patient 1 a 
large right ventricular wall branch of the right coro- 
nary artery was virtually continuous with the left 
anterior descending artery through a large collateral 
vessel. 

It would seem reasonable to suggest that the basis 
for survival of the left ventricular myocardium in 
these patients depends on the presence of the domi- 
nant right coronary artery and development of epi- 
cardial and septal collateral vessels to supply distal 
branches of the left coronary artery. 

We are aware of only one previous report of left 
main coronary artery occlusion with preserved left 
ventricular function.? These workers did not com- 
ment on the possible benefit of right coronary artery 
dominance in this context but the right coronary 
artery in one patient was said to be large. In two of 
their patients the ejection fraction was normal, and 
in three patients who were comparable with ours left 
ventricular end diastolic pressure was considerably 
increased (22-23 mm Hg), whereas in only one of 
our three patients was left ventricular end diastolic 
pressure raised to the same extent. Though they 
commented on the existence and functional 
importance of right coronary artery to left coronary 
artery collaterals in their patients, Frye er al gave no 
details of collateral development.? In the cases from 
both series the importance of intercoronary col- 
laterals is convincing whereas the functional 
importance of coronary collaterals more generally is 
less certain.? 

Haemodynamically important stenosis of the left 
main coronary artery in association with angina pec- 
toris is an important indication for coronary artery 
bypass grafting^; such surgical intervention has been 
shown to improve symptoms and life expectancy. 
The place of operation in the management of 
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patients with left main coronary artery occlusion is 
less well defined. Patient 2 had a 40%, proximal 
stenosis of the right coronary artery, which may rea- 
sonably be considered to be at least as important as a 
stenosis of the left main coronary artery, because not 
only are the left anterior descending and circumflex 
territories at risk if the vessel becomes occluded but 
also the right coronary artery territory. Patient 3 also 
had a minor stenosis of the right coronary artery, 
with similar implications in terms of the myo- 
cardium at risk. Thus in these patients coronary 
artery bypass grafting was carried out. Patient 1 had 
only trivial disease in the right coronary artery, and 
so the indications for operation were less clear cut 
than in the other two patients; but as the entire ven- 
tricular myocardium depended on continued 
patency of one vessel (the right coronary artery) 
coronary artery surgery was recommended. The 
patient refused this and two years after identification 
of the left main coronary artery occlusion, he con- 
tinues to have stable effort angina. A similar patient 
reported by Frye eral also declined operation and 
had stable effort angina 2-5 years after angiography.’ 
Perhaps left main coronary artery occlusion with a 


normal right coronary artery carries a less adv 
prognosis than left main coronary artery stenosis, 
and there may be consequent implications for sur- 
gical management; but at present too few data are 
available for firm conclusions to be drawn. 
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A comparison of the assessment of mitral valve area 
by continuous wave Doppler and by cross sectional 
echocardiography 
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SUMMARY  Transmitral pressure half time (PHT) was assessed by continuous wave Doppler in 
44 patients with rheumatic mitral valve stenosis (14, pure mitral valve stenosis; 15, combined 
mitral stenosis and regurgitation; and 15 with associated aortic valve regurgitation). The mitral 
valve area, derived from transmitral pressure half time by the formula 220/pressure half time, was 
compared with that estimated by cross sectional echocardiograpy. The transmitral pressure half 
time correlated well with the mitral valve area estimated by cross sectional echocardiography. 
The correlation between pressure half time and the cross sectional echocardiographic mitral valve 
area was also good for patients with pure mitral stenosis and for those with associated mitral or 
aortic regurgitation. The regression coefficients in the three groups of patients were significantly 
different. Nevertheless, a transmitral pressure half time of 175 ms correctly identified 20 of 21 
patients with cross sectional echocardiographic mitral valve areas « 1-5 cm?. There were no false 
positives. The Doppler formula significantly underestimated the mitral valve area determined by 
cross sectional echocardiography by 28(9)% in 19 patients with an echocardiographic area >2 
cm? and by 14-8(8)% in 25 patients with area of <2 cm?. In thirteen patients with pure mitral 
valve stenosis Gorlin’s formula was used to calculate the mitral valve area. This was over- 
estimated by cross sectional echocardiography by 0-16 (0-19) cm? and underestimated by Doppler 
by 0-13 (0-12) cm?. Continuous wave Doppler underestimated the echocardiographic mitral valve 
area in patients with mild mitral stenosis. The Doppler formula mitral valve area — 220/pressure 
half time was more accurate in predicting functional (haemodynamic) than anatomical (echo- 
cardiographic) mitral valve area. 


for mitral valve area assessment because coexistent 


Cross sectional echocardiography gives an accurate 
estimate of mitral valve area.! When echocardio- 
graphic images are unsatisfactory,! ? Doppler 
echocardiography is an alternative method of assess- 
ing the mitral valve area.? ~ !$ The Doppler estimate 
of mitral valve area correlated well with the results 
of catheterisation even when there was mitral regur- 
gitation or low cardiac output.!? 16 17 The results of 
heart catheterisation may not be the *gold standard" 
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mitral regurgitation will lead to inaccuracy.!? ^ ?? 
Even in patients with pure mitral stenosis, cath- 
eterisation is probably less accurate than cross sec- 
tional echocardiography in predicting the 
anatomical mitral valve orifice.! 

There are only a few studies in which Doppler and 
cross sectional echocardiographic estimates of mitral 
valve area were compared,*! ?? and the influence of 
mitral regurgitation was not specifically consid- 
ered.?? We investigated the value of transmitral 
pressure half time, determined by continuous wave 
Doppler,° 1° 131617 in predicting the echo- 
cardiographic mitral valve area in patients with 
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mitral stenosis. We also examined the influence of 
associated mitral or aortic regurgitation on this com- 
parison. 


Patients and methods 


PATIENTS 

From June 1984 to the end of January 1985, 52 
consecutive patients with rheumatic mitral stenosis 
were examined by cross sectional echocardiography 
and continuous and pulsed wave Doppler. Patients 
in whom cross sectional echocardiography showed 
thickened mitral leaflets, abnormal diastolic motion 
of the mitral leaflet, and a mitral valve area of 
«3 cm? ! were considered for subsequent analysis. 
Patients with previous mitral valvotomy, aortic valve 
stenosis, or a history of arterial hypertension were 
excluded. Nine patients were excluded because of 
inadequate echocardiographic studies and three be- 
cause Doppler studies were unsatisfactory. Thus we 
studied 44 patients (38 women and 6 men) aged 24 to 
71 years (mean 46 (12)). At the time of investigation 
28 patients were in sinus rhythm and 16 in atrial 
fibrillation. We subdivided the patients into three 
groups on the basis of Doppler and heart cath- 
eterisation findings (when available): group 1 had 
pure mitral stenosis; group 2 had mitral stenosis and 
regurgitation; and group 2 had mitral stenosis (with 
or without mitral valve regurgitation) and aortic re- 
gurgitation. 


CROSS SECTIONAL ECHOCARDIOGRAPHIC AND 
DOPPLER METHODS 

Cross sectional echocardiographic and Doppler 
studies were performed by means of a real time 
phased-array system (Toshiba SSH-40A) connected 
to a Doppler unit (Toshiba SS-21B). Transducers 
with a frequency of 2-4 and 3:5 MHz were used for 
imaging and pulsed wave Doppler and 2:4 MHz for 
continuous wave Doppler. 

Cross sectional echocardiography was performed 
by the standard technique. We assessed the mitral 
valve area from the parasternal short axis view, 
taking care to image the orifice from a transducer 
location that was perpendicular to the valve at the 
level of its maximal narrowing and at optimal gain 
settings.! Mitral valve area was automatically calcu- 
lated on the video screen by use of a built-in system 
of movable electronic callipers on the stop frame that 
showed mitral valve opening in early ventricular 
diastole. The inner margin of the orifice was 
traced? * 5 

Transmitral flow was examined by continuous 
wave Doppler from the apex with the patient in the 
left lateral decubitus position.! ' The Doppler signal 
reproduced as an audio signal and the spectral anal- 


ysis of frequencies was obtained in real time by fast 
Fourier transform. The maximum measurable fre- 
quency for continuous wave Doppler was 12 kHz. In 
all studies the cutoff frequency of the filter was 400 
Hz. Care was taken to obtain spectral patterns with 
an uninterrupted high frequency profile.'* ^? Veloc- 
ity profiles were recorded at a speed of 50 mm/s on 
a Sony videotape recorder. Hard copies for sub- 
sequent analysis were reproduced with a strip chart 
recorder. In each study the incident Doppler beam 
was kept nearly perpendicular to mitral valve plane 
by means of intermittent cross sectional echo- 
cardiographic imaging. We did not correct for the 
Doppler flow angle. 

We calculated the transmitral peak pressure drop 
(AP) by measuring the maximal velocity (V) in early 
diastole and by use of the equation: AP = 4V^. The 
transmitral mean pressure drop was calculated from 
the curve that we obtained by calculating the pres- 
sure drop for several points during diastole. ? We 
measured velocity at the upper limit of the frequency 





Fig 1 
continuous wave Doppler from the apical approach. ( The 


(Top) Transmitral flow velocity curve obtamed by 





solid line within the echocardiographic image is the Doppler 
beam.) (Middle; Flow velocity profile; flow below the zero 
line in systole indicates mitral regurgitation. The first 5 
bars above and below the zero line represent calibration of 
0-2 mis and the next bars represent 1 mis. ! Bottom; 
Method for obtaining transmitral pressure half 

time( PHT}. A, peak velocity; B, half peak pressure. 
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profile. Peak and mean pressure drop were expressed 
as mm Hg. Atrioventricular pressure half time was 
obtained by dividing the peak velocity by 1-4 and by 
measuring the time from the peak velocity to the 
point at which this decrease in velocity was found (fig 
1).!7 Data were rounded to 5 ms. Peak and mean 
pressure drops and pressure half time were measured 
as the mean of 10 consecutive cardiac cycles either in 
sinus rhythm or atrial fibrillation. '3 

Mitral and aortic regurgitation were assessed by 
pulsed wave Doppler.?*~ ?* Mitral regurgitation was 
identified in apical four chamber and parasternal 
long axis views when a high-pitched, whistling audio 
signal was present within the left atrium for at least 
one third of systole.?? ^ ?? When a mitral regurgitant 
flow was audible we used a cross sectional echo- 
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cardiographic image of the left atrial area to obtain a 
semiquantitative assessment of regurgitant flow dis- 
tribution. Mitral regurgitation was graded as: 1+, 
turbulence just behind mitral valve; 2+, extension 
of turbulence to the inferior half of left atrium; and 
3+, turbulence spreading even further.?* Aortic re- 
gurgitation was identified in apical right anterior 
oblique (or equivalent) and parasternal long axis 
views when there was diastolic turbulence within the 
left ventricle. It was differentiated from mitral steno- 
sis flow by: (a) locating the sample volume immedi- 
ately under the aortic leaflets; (6) accurately timing 
the onset of turbulence before mitral valve opening 
by simultaneous M mode echocardiographic record- 
ing.?^ ^ ?* A distribution of Doppler frequencies that 
was typical of the aortic regurgitation, in which a 


Table Cross sectional echocardiographic, continuous wave Doppler echocardiographic, and heart catheterisation data in 


44 patients with rheumatic mitral valve stenosis 


Sanaan 








Cross sectional Doppler Catheterisation 

Patient MVA Peak gradient Mean gradient PHT MVA Mean gradient MVA 
No fem? i fmm Hg} [mm Hg) ims) (em?) (mm Hg } (cm!) MR AR 

1 O08 13 9 260 08 & 1-0 = - 

2 09 14 8 265 08 10 0-7 ~ — 

3 ro 19 17 210 ro NA NA = - 

4 Is 27 16 245 09 16 10 _ - 

5 13 9 7 220 1-0 8 14 - ~- 

é 13 14 12 220 ro 9 t3 — -— 

7 14 21 15 200 i1 10 12 ~ -— 

8 14 9 5 190 12 6 13 - — 

9 16 8 5 155 14 6 1-6 _ - 

10 20 7 6 150 LS 4 1-7 — 

11 2-0 9 7 140 L6 8 1-7 ~ - 

12 21 15 8 135 1-6 5 1-6 = - 
13 2:2 8 6 120 1-8 7 19 ~- 

14 24 13 8 110 2-0 4 24 - -— 

15 0:9 2 21 240 0-9 17 NA * ~ 

16 1-0 21 14 210 1-0 16 NA + +++ 
17 I 14 9 250 0-9 13 NA — ++ 
18 Ll 38 12 220 1-0 15 NA + - 

19 12 10 6 200 li 10 NA + + = 
20 12 13 8 220 1-0 NA NA ++ ++ 
21 13 13 li 200 Ll 16 NA ++ — 
22 r3 14 11 195 11 6 NA ++ + + 
23 14 13 10 185 12 NA NA ++ ~ 
24 15 12 6 200 1-1 NA NA -— tb 
25 15 12 10 160 13 9 NA + ~ 
26 ps 7 6 195 LI NA NA ++ ++ 
27 15 13 10 185 1-2 18 NA + ++ 
28 1-7 13 8 155 1-4 NA NA + - 
29 1-7 23 10 170 r3 12 NA +++ ++ 
30 17 8 6 150 1-4 9 NA ++ + + 
31 20 7 5 120 18 6 NA + +++ 
32 23 19 10 160 14 NA NA ++ ~ 
33 23 13 5 130 17 NA NA - +++ 
34 23 10 4 160 14 8 NA * - 
35 23 10 6 160 1-4 NA NA ++ i 
36 2:4 8 5 130 1-7 NA NA - ++ 
37 24 13 10 130 r7 15 NA ++ ++ 
38 25 6 4 130 1-7 6 NA - ++ 
39 26 li 7 150 15 6 NA ++ -- 
40 27 12 6 105 21 8 NA + ++ 
41 27 18 6 145 15 NA NA +++ = 
42 2:8 13 5 115 1-9 NA NA tee ~ 
43 29 18 7 105 2-1 8 NA +++ -= 
44 29 12 4 105 21 13 NA tee ~= 


Saramama 


AR, aortic regurgitation; MVA, mitral valve area; MR, mitral regurgitation; PHT, pressure half time; NA, not available. 


Doppler and cross sectional assessment of the mitral valve 


decreasing diastolic pattern is accompanied by a cor- 
responding audio signal, was also assessed by con- 
tinuous wave Doppler. Artefacts due to excessive 
noise and wall movements were excluded.?7~ ?? 


CARDIAC CATHETERISATION 

Cardiac catheterisation was performed in 32 patients 
within 24 hours of the Doppler studies. In patients 
with pure mitral stenosis, mitral valve area was cal- 
culated by Gorlin’s formula! from left ventricular 
pulmonary capillary wedge pressure recordings and 
cardiac output was determined by the Fick method. 
Mitral and aortic regurgitation were assessed by 
standard angiographic techniques. No attempt was 
made to calculate mitral valve area in patients with 
mitral regurgitation. The haemodynamic and 
Doppler studies were not performed simultaneously. 


STATISTICAL ANALYSIS 

Cross sectional echocardiographic, continuous 
Doppler, and cardiac catheterisation data were mea- 
sured by three different pairs of observers who were 
unaware of the results of the other studies. We took 
the mean of each pair of measurements. Mean (SD) 
interobserver variability was 3 (3)% for the cross 
sectional echocardiographic mitral valve area and 
5(4)% for Doppler pressure half time; this resem- 
bles variability in previous studies.) ?! Inter- 
observer variability for the haemodynamic mitral 
valve area was 4 (3)%. When appropriate we ana- 
lysed the data by analysis of variance, paired and 
unpaired : tests, linear regression, and the non- 


300 


CWD PHT (ms) 
e 
o 








351 


regression method for assessing agreement between 
different methods, recently described by Bland and 
Altman.?? 


Results 


PATIENT DATA 

Pulsed wave Doppler and angiographic data, when 
available, showed pure mitral stenosis 1n 14 patients, 
mutral stenosis and regurgitation in 15, and mitral 
stenosis and aortic regurgitation in 15 (10 with and 
5 without mitral regurgitation). Mitral regurgitation 
was graded as 1+ in nine patients, 2+ in 11, and 3+ 
in five. Pulsed wave Doppler grading of mitral regur- 
gitation was confirmed in 14 of 16 patients under- 
going angiography. In two patients the angiographic 
grade of mitral regurgitation was slightly under- 
estimated by pulsed wave Doppler. Cross sectional 
echocardiographic mitral valve area was « 1 cm? in 
five patients, from 1 to 1-5 cm in 16, and > 1:5 cm? 
in 23. The table shows the cross sectional echo- 
cardiographic, pulsed and continuous wave 
Doppler, and catheterisation results. 

The peak transmitral pressure drop ranged from 7 
to 38mm Hg (mean (SD) 147 (8)), the mean trans- 
mitral pressure drop ranged from 4 to 21 mm Hg 
(mean (SD) 7 (3:9)). Peak and mean pressure drops 
were not significantly different in the 19 patients 
with mitral stenosis and no mitral regurgitation (in- 
cluding five with aortic regurgitation) (cross sec- 
tional echocardiographic mitral valve area 1-6 
(0-5) cm?) and in the 20 patients with associated mi- 
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Fig 2 Regressions between continuous wave Doppler transmitral pressure half time (CWD PHT) and cross sectional 


echocardtographic mitral valve area (CSE MVA) m patients with pure mitral valve stenosis ( 8), with associated mitral 
regurgitation ( L1), and mith aortic regurgitation (W). Broken lines indicate the confidence intervals of the regression line. 
The slope of regression m patients mth pure mitral stenosis was significantly different from that in patients with associated 
mitral (p < 0 001) or aortic (p < 0-01) regurgitation. 
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Fig3 Agreement between cross sectional echocardiographic 
(CSE) and continuous wave Doppler (CWD) 

(220/PHT) estimates of mitral valve area (MVA).? 
Difference tn mitral valve area (y axis) plotted against the 
mean value of the two areas (x axis, average mitral valve 
area) in 44 patients with pure mural stenosis or mitral 
stenosis associated wth mitral or aortic regurgitation Cross 
sectional echocardiography overestimated the Doppler area 
by 0-41 cm? (sohd lme). Broken lines show +2 SD 

( —0-2cm? and +1 cm?). The overestimation by cross 
sectional echocardiography increases with the size of the 
mitral valve area Symbols as in fig 2 


tral regurgitation and with a comparable mitral valve 
area (1 6(0:5 cm?) (peak pressure drop 12-2 (5-7) vs 
14:5(7-2)mm Hg; mean pressure drop 8-4(3-9) vs 
9-3 (3-8) mm Hg)). 
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TRANSMITRAL PRESSURE DROP AND 
PRESSURE HALF TIME VERSUS CROSS 
SECTIONAL ECHOCARDIOGRAPHIC MITRAL 
VALVE AREA 

The cross sectional echocardiographic mitral valve 
area correlated poorly with peak and mean trans- 
mitral pressure drops (r = —0-29 and —0-44 re- 
spectively). The correlation between continuous 
wave Doppler pressure half time and cross sectional 
echocardiographic mitral valve area was good 
(r = —0-91; p < 0-001). Figure 2 shows separate re- 
gression lines for patients with pure mitral stenosis 
(r = —0-96), for patients with mitral stenosis and 
regurgitation (r = — 0-92), and for patients with as- 
sociated aortic regurgitation (r = — 0:93). The slope 
of the regression line for patients with pure mitral 
stenosis differed significantly from those of the 
groups with associated mitral (p < 0-001) or aortic 
valve regurgitation (p « 0-01). 

Mean transmitral pressure half time was 
significantlv longer in patients with cross sectional 
echocardiographic mitral valve area  «1cm? 
(230 (27) ms) than in those with valve areas of from 
1 to 1:5 cm? (205 (23) ms) and > 1-5 cm? (136 (20) 
ms) (p <@-001). When a cross sectional echo- 
cardiographic mitral valve area of 1-5 cm? was used 
to distinguish patients with severe stenosis and those 
with less severe mitral stenosis, a Doppler pressure 
half time of > 175 ms correctly classified 20 of 21 
patients with mitral valve area « 1 5 cm?. No patient 
with a cross sectional echocardiographic mitral valve 
area > 1-5 cm? had mitral stenosis classified as severe 
by continuous wave Doppler. 
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Fig 4 Plot of the differences between cross sectional echocardiographic (CSE), continuous wave Doppler ( CWD), and 
haemodynamic mitral valve area ( Gorhn's formula) in patients anth pure mitral valve stenosis (legend and symbols as 1n 
fig 3). The arrow indicates a patient with pure mitral stenosis in whom catheterisation was not performed. The 
haemodynamic area was overestimated by cross sectional echocardiography and underestimated by Doppler. Doppler and 
haemodynamic estimates, however, agreed more with each other than with echocardiography. Cath = catheterisation. 
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CONTINUOUS WAVE DOPPLER VERSUS CROSS 
SECTIONAL BCHOCARDIOGRAPHIC ESTIMATES 
OF MITRAL VALVE AREA 

We found that a cross sectional echocardiographic 
mitral valve area of 1 cm? corresponded to a trans- 
mitral pressure half time (PHT) value of 220 ms. 
This confirmed results previously reported by Hatle 
and Angelsen, who found a similar correspondence 
between cardiac catheterisation and Doppler data.!" 
The formula: mitral valve area = 220/PHT (ms), 
however, underestimated the corresponding echo- 
cardiographic mitral valve area by 0-41 (0-30) cm? 
(fig 3). The larger the orifice, the greater the under- 
estimate: 0-2 (0:12) cm? (15 (8)% of absolute mitral 
valve area) in the 25 patients with a cross sectional 
echocardiographic mitral valve area of <2 cm? and 
0-70 (0:26) cm? (28 (9)%) in the 19 patients with 
echocardiographic area of >2 cm? (12 with associ- 
ated mitral valve regurgitation) (p « 0-01) (fig 3). 
The degree of underestimation was 0-30 (0-15) cm? 
in patients with pure mitral stenosis, 0-56 (0-41) cm? 
in those with combined mitral stenosis and regur- 
gitation, and 0-40 (0-23) cm? in the group with asso- 
ciated aortic regurgitation. 


ECHOCARDIOGRAPHIC AND DOPPLER 
ESTIMATES VERSUS CARDIAC 
CATHETERISATION MITRAL VALVE AREAS IN 
PATIENTS WITH PURE MITRAL STENOSIS 

In fig 4 cross sectional echocardiographic and con- 
tinuous wave Doppler estimates of mitral valve area 
in the 13 patients with pure mitral stenosis who un- 
derwent cardiac catheterisation are compared with 
the haemodynamic estimate. Though both cross sec- 
tional echocardiographic and Doppler estimates cor- 
related closely with the Gorlin's estimate (r — 0-96 
and 0-94, respectively), cross sectional echo- 
cardiography overestimated the haemodynamic area 
by 0-16 (0-19) cm? and Doppler underestimated it by 
0:13 (0-12) cm? (p < 0-01). 


Discussion 


Cross sectional echocardiography gives an accurate 
assessment of mitral valve area! ?^* except in pa- 
tients with suboptimal images.? ^ 5 In some patients, 
however, there is a considerable difference between 
estimates of mitral valve area by cross sectional echo- 
cardiography and by cardiac catheterisation.* This 
has been attributed to limitations of both tech- 
niques. +°? 

Doppler echocardiography can also be used to as- 
sess mitral valve area by means of transmitral pres- 
sure half time? 1° !? !7—that is the time required for 
the diastolic atrioventricular pressure gradient to fall 
to half its initial value.?? ?* This method has been 
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validated against cardiac catheterisation.!5 17 Cath- 
eterisation, however, is not the gold standard for 
mitral valve area assessment.! 29723 33 735 Recently, 
Smith et al reported a good correlation between both 
Doppler and cross sectional echocardiography and 
the haemodynamic mitral valve area in patients with 
unoperated mitral stenosis.?? In those who had had 
mitral valvotomy Doppler was more accurate.?? The 
influence of associated mitral or aortic regurgitation 
on the agreement between Doppler and cross sec- 
tional echocardiography was not specifically evalu- 
ated in the study of Smith er al.?? 

We found that Doppler transmitral pressure half 
time correlated with the cross sectional echo- 
cardiographic estimate of mitral valve area. Like 
other groups,’ !9 13 16 17 we did not find that mitral 
or aortic regurgitation substantially influenced the 
degree of this correlation, though they did modify 
the slope of the regressions. As reported elsewhere," 
a transmitral pressure half time value of ^ 175 ms 
was specific in predicting a mitral valve area of 
<1-5cm?. Further prospective studies are needed to 
establish the sensitivity and specificity of this crite- 
rion. 

Hatle et al used the empirical formula, 220/PHT, 
to determine the haemodynamuc mitral valve 
area.!3 !? This formula was reliable for estimating 
the cross sectional echocardiographic mitral valve 
area too.!5 ! ? 22 Doppler formula and cross sectional 
echocardiographic estimates of mitral valve area did 
not agree completely in-our study, however. We 
found that the Doppler method underestimated the 
echocardiographic mitral valve area by 15% in pa- 
tients with valve area of < 2 cm? and by 28% in those 
with valve area of 72 cm?. There are several expla- 
nations for differences between our results and those 
of previous workers.!6 1722 Firstly, we examined 
more patients with mild mitral stenosis or with asso- 
ciated severe mitral regurgitation than did previous 
studies.!? 16 1722 Even though mitral regurgitation 
should not per sc alter the Doppler estimate of mitral 
valve area, because transmitral pressure half time is 
independent of the absolute flow rate!" we found 
that mitral regurgitation influenced the regression 
between pressure half time and echocardiograhic 
area. Others have reported that the Doppler formula 
is less accurate when flow rates are high? or mitral 
regurgitation is present.?? In our study the degree of 
Doppler underestimation increased with mitral 
valve size. Since severe mitral valve regurgitation 
was seen only in those patients with a mitral valve 
area >2cm?, we could not establish whether valve 
size or severe mitral regurgitation was the major de- 
terminant of Doppler underestimation. 

Second, cross sectional echocardiography, 
Doppler echocardiography, and cardiac cath- 
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eterisation may not measure the same variable. The 
exact point at which narrowing of mitral valve com- 
plex is maximal may be missed by cross sectional 
echocardiography, generally in patients with pre- 
vious commissurotomy.!?? Extensive calcification 
or fibrosis of the submitral apparatus, however, may 
increase the transmitral gradient to more than the 
value determined at the level of the leaflet tips.! 517 
This condition might result in a large discrepancy 
between echocardiographic and Doppler or cardiac 
catheterisation estimates of mitral valve area 1n pa- 
tients with severe mitral stenosis, in whom the sub- 
mitral apparatus is more frequently affected.! 

The third reason for the disagreement between 
Doppler and echocardiographic estimates of mitral 
valve area may be that the empirical Doppler for- 
mula, mitral valve area = 220/PHT, does not predict 
the true anatomical mitral valve area. In previous 
studies, cross sectional echocardiographic mitral 
valve area was on average 0 3 cm? larger than the 
cardiac catheterisation estimate.*? It has been sug- 
gested that cross sectional echocardiography mea- 
sures the anatomical mitral valve area, whereas 
cardiac catheterisation estimates the functional 
mitral valve area.! ?? Haemodynamic considerations 
suggest that the functional area will be somewhat 
smaller than the anatomical one. In our patients 
with pure mitral stenosis, Doppler and cardiac 
catheterisation estimates of mitral area, although not 
obtained simultaneously, agreed with each other 
more than with cross sectional echocardiography. 
Both Doppler and cardiac catheterisation under- 
estimated the echocardiographic area especially in 
patients with mild mitral stenosis. The different 
composition of our study group may explain why our 
results differ from those of Smith et al who found 
that both Doppler and echocardiography over- 
estimated the haemodynamic area in a group of 
patients who, according to Gorlin's formula, had 
mitral valve area of « 1:6 cm? (including a few with 
severe mitral regurgitation).?? Our data suggest that 
the Doppler formula, which is based on a hyperbolic 
relation between transmitral pressure half time and 
mitral valve area, is more accurate in predicting the 
functional mitral valve area, as assessed by cardiac 
catheterisation, than the anatomical one, as assessed 
by cross sectional echocardiography. Further studies 
are needed to evaluate a potential influence of this 
disagreement between Doppler and cross sectional 
echocardiography on the clinical decision for or 
against surgery in patients with moderate mitral 
valve stenosis. 
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Ten year clinical evaluation of Starr-Edwards 2400 
and 1260 aortic valve prostheses 
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SUMMARY The long term performance characteristics of the 2400 and 1260 series of Starr- 
Edwards aortic prostheses were investigated by a follow up study of clinical outcome of 327 
patients discharged from hospital with isolated aortic valve replacement. Follow up lasted for up 
to 10 years and was based on 1616 patient-years. The 2400 series cloth covered tracked valve was 
implanted in 182 patients from 1974 to 1980 and the 1260 series bare strut silastic ball valve was 
inserted in 145 patients from 1979 to 1983. Total 10 year mortality and valve related morbidity 
were low and no cases of mechanical valve failure were recorded. There were no significant 
actuarial differences in mortality or valve related morbidity between the 2400 and 1260 valves. 
Starr-Edwards models 2400 and 1260 aortic valve prostheses showed excellent durability with- 
out any mechanical failures over a 10 year period. The long term outcome of isolated aortic valve 
replacement with these models is associated with a low frequency of valve related complications. 


Many different mechanical and tissue prostheses are 
now available for aortic valve replacement and 
although efforts continue to be made to design 
durable heart valve prostheses that are free from 
valve related complications the debate continues 
about the reported advantages of low profile pros- 
theses or biological valves compared with caged ball 
valves.! The long term structural durability and 
consistent long term integrity of xenografts have yet 
to be demonstrated.? Mechanical heart valve pros- 
theses have reasonable records of structural 
durability but this advantage is compromised by the 
risk of thromboembolism and the need for indefinite 
anticoagulation with its inherent risks.? * In patients 
with chronic mitral valve disease, indefinite anti- 
coagulation is frequently necessary whether or not 
mitral valve operation is undertaken, and mechani- 
cal prostheses are usually chosen for mitral valve 
replacement because they are more durable than 
xenografts. Patients with isolated aortic valve dis- 
ease, however, only require indefinite anti- 
coagulation when mechanical prostheses are 
implanted; in these patients the choice between 
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mechanical and tissue aortic valve prostheses is not 
so clear cut. 

Starr-Edwards aortic valve prostheses have been 
implanted clinically since 1960 and the model 1200 
series dating from 1966 has demonstrated a lower 
frequency of mechanical dysfunction and throm- 
boembolism than earlier models. Many large series 
of patients followed up after isolated Starr-Edwards 
aortic valve replacement have now confirmed these 
findings. " Since 1973 we have had extensive 
experience with the modern series of Starr-Edwards 
aortic prostheses. The 2400 model cloth covered 
tracked valve with stellite poppet, which was 
designed to reduce cloth wear, was introduced in 
1972 and was frequently implanted in patients at this 
hospital until 1980 when it was withdrawn from 
general use by the manufacturers because it had no 
apparent advantages over the 1260 prosthesis. The 
1260 model bare strut silastic ball valve with 
reduced metal on the inflow surface was introduced 
in 1968, and continues to be used for aortic valve 
replacement. 

This study was undertaken to examine the long 
term performance characteristics of models 2400 
and 1260 Starr-Edwards aortic valve prostheses and 
to provide specific data which may be used to com- 
pare the clinical performance of other mechanical 
and tissue prostheses. The aim of this study was to 
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consider long term clinical follow up and to relate 
this to the specific prosthesis used. 


Patients and methods 


We reviewed the records of all 993 patients who had 
cardiac valve prostheses inserted at Hammersmith 
Hospital between January 1974 and December 1983 
and identified 689 cases where a Starr-Edwards 
valve was inserted. Of these there were 352 con- 
secutive patients discharged alive from hospital who 
had an isolated aortic valve replacement by a Starr- 
Edwards model 2400 or 1260 prosthesis. During this 
period only four patients (in 1974) had a Starr- 
Edwards aortic valve replacement with a model 
other than 2400 or 1260; all four had Starr-Edwards 
model 2320 non-tracked cloth covered strut metallic 
ball prostheses and have been excluded from 
analysis. 

The decision to insert a Starr-Edwards prosthesis 
in the aortic position in these patients was based on 


several factors. The need for indefinite anti-: 


coagulation, an adequate size of aortic root, and the 
attending cardiologists and cardiac surgeons prefer- 
ence for these prostheses were the most important 
considerations during this period. Those patients 
with an aortic root of inadequate size to encompass a 
caged ball (Starr-Edwards) valve usually had a disc 
valve (Bjórk-Shiley) implanted. In general, mechan- 
ical prostheses were favoured particularly in youn- 
ger patients because of their more certain durability 
whereas xenograft bioprostheses were usually only 
implanted in those aged over 70 years or in those few 
patients with specific contraindications to indefinite 
anticoagulation. 

Patients with multiple valve replacements were 
excluded from this study but the total includes 
patients undergoing combined procedures, such as 
open mitral valvotomy or aortocoronary bypass 
grafting. Operative techniques were standardised 
and from 1974-78 included myocardial protection 
by systemic hypothermia, aortic cross clamping, and 
a beating perfused heart at 28°C. After 1978 sys- 
temic hypothermia at 28°C and myocardial preser- 
vation at 4-10°C with the use of St Thomas’s 
cardioplegic solution was used. Interrupted sutures 
were almost always used to insert the prosthetic 
valve. All patients were routinely anticoagulated 
with warfarin immediately after operation and this 
was continued indefinitely. Anticoagulation was 
aimed to maintain standardised British corrected 
prothrombin ratios in the therapeutic range of 
2:5—4-0 times control values. 

As the aim of this study was to determine long 
term outcome in relation to the prosthesis 
implanted, immediate perioperative and early post- 
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operative non-valve related morbidity and mortality 
were not analysed and follow up was started from 
the time of hospital discharge. Patient follow up was 
obtained retrospectively and by physicians in all 
cases. Sources of this included records from Ham- 
mersmith Hospital cardiac follow up clinics, referral 
hospital clinics, and in some cases family prac- 
titioners. At operation sex, age, rhythm, functional 
class, pathology and aetiology of aortic valve dis- 
ease, previous heart valve prostheses, and associated 
operative procedures were recorded. Follow up 
evaluation was continued up to December 1983. 
The following were analysed: (a) death and its 
cause 1f known from clinical and/or necropsy evi- 
dence; (5) reoperation to replace the Starr-Edwards 
prosthesis, and its indication; (c) the presence of the 
following complications at any time 
postoperatively—thromboembolism including any 
sudden focal transient or permanent neurological 
deficit, anticoagulant related haemorrhage requiring 
active medical management including blood trans- 
fusion or hospital admission, prosthetic valve endo- 
carditis as defined by standard criteris,? primary 
valve failure resulting in mechanical dysfunction 
(such as valve occlusion or ball variance) including 
thrombosis in situ, valve related intravascular hae- 
molysis requiring active medical management 
including hospital admission or detailed outpatient 
management, and haemodynamically severe para- 
prosthetic regurgitation requiring admission or 
detailed outpatient management. 

The significance of univariate analysis was tested 
with the y? test. Standard non-parametric actuarial 
(Kaplan-Meier) and linearised statistical techniques 
were used to describe survival and the incidence of 
valve-related complications.!?!! Actuarial prob- 
ability estimates were analysed by the Biomedical 
Data Package Program (BMDPIL) of the. Univer- 
sity of California and are presented as mean rates 
plus or minus one SEM. The Wilcoxon rank test 
was used for statistical comparisons of actuarial 
curves. 

‘Results 

We followed up 327 patients (92-894 complete) up to 
December 1983—a cumulative total of 1616 patient- 
years. Most of the patients lost to follow up were 
living overseas and have not been selected out on any 
specific criteria. One hundred and eighty two 
(55-7%) patients had Starr-Edwards mode! 2400 
inserted during 1974-80 and 145 (44-3%) had a 
Starr-Edwards model 1260 inserted during 1979-83 
(fig1). Table 1 lists the clinical, operative, and 
pathophysiological characteristics of the patients. 
The aortic valve disease was considered to be con- 
genital in .33-9% of the total with a rheumatic 
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Figl Numbers of patients with isolated Starr-Edwards 
aortic valve replacement by year and model. 


aetiology in only 22-996. The proportion of patients 
with congenital aortic valve disease, however, was 
significantly greater in those undergoing valve 
replacement with model 2400 prosthesis (40-794 vs 
25:595, p < 005). At the time of aortic valve 


Table 1 
valve prostheses 
2400 
Data No 96 
Patients 182 55-7 
Patient-years followed up. 
5 ycars 368 511 
10 years 1264 782 
Mean agc (range) 53 6(14-77) 
Male 128 703 
Rh 
R 165 907 
AF 17 93 
Functional class 
I 2 20 110 
II 97 533 
III 55 302 
IV 10 5-5 
Pathology 
AS 95 522 
AR 52 28 6 
AS + AR 35 192 
Actiology: 
Rheumatic 40 220 
Congenital 74 40 7* 
Degenerauve 49 269 
IE 15 82 
Others 4 22 
Previous prosthesis: 
AVR 8 44 
MVR 1 05 
Associated procedures 
12 6 6* 
OMV 8 44 
Aorta resect 6 33 
Others 5 27 
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replacement associated procedures were performed 
in 26-6% of the patients, most commonly aorto- 
coronary bypass grafting in 14:4% of the total. 
Aortocoronary bypass grafting was performed in 
significantly more of those patients undergoing 
valve replacement with model 1260 prothesis 
(24-196 vs 6-695, p < 0-001). There were no other 
significant differences ın clinical, patho- 
physiological, or operative characteristics between 
those patients with a model 2400 prosthesis and with 
model 1260. 

During 10 years of follow up 47 patients died 
(2-995 /patient-year) (table 2). In 38 cases the cause 
of death could be established from clinical and/or 
necropsy evidence. In 27 patients this was due to 
cardiac causes. Most cardiac deaths were associated 
with the effects of chronic heart failure but in four 
cases death could be related to the Starr-Edwards 
aortic prosthesis, all four being due to thrombo- 
embolism. Four deaths were indirectly valve 
related—three resulting from infective endocarditis 
which had not be eradicated either medically or by 
reoperation to replace the Starr-Edwards aortic 
prosthesis. One anticoagulant related death was due 


Clinical, pathophystological, and operative characteristics m patients with Starr-Edwards 2400 and 1260 aortic 


1260 Total 
No % No % 
145 443 327 1000 
352 489 720 44 6 
— — 1616 1000 
50 8(19-78) 52 1(14-78) 
109 752 237 
127 876 292 893 
18 124 35 107 
12 83 32 98 
74 510 171 523. 
46 317 101 309 
13 90 23 70 
75 517 170 520 
46 31-7 98 300 
24 166 59 180 
35 24:1 75 229 
37 25 5* 111 339 
52 359 101 309° 
20 138 35 10-7 
1 07 5 15 
13 90 21 64 
0 0 1 03 
35 24 1* 47 144 
11 T3 19 58 
2 1-4 8 24 
8 55 13 40 


————————————————————————— —————— 
SR, sinus rhythm, AF, atrial fibrillanon/flutter; AS, aortic stenosis; AR, aoruc regurgitation, AS + AR, sort stenosis and regurgitation; 


TE, infective endocarditis, 
open mitral valvotomy; aorta resect, aortic root replacement. 
*p < 0 05 for 2400 os 1260. 


AVR, aortic valve replacement; MVR, mitral valve replacement; CABG, coronary artery bypass grafting; OMV, 
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Table 2 Mortality in patients wth Starr-Edwards 2400 and 1260 aortic valve prostheses 








2400 1260 Total 
Data No %/pt-yr No Sol pt-yr No %|pt-yr 
Total mortality: 
At 5 years 26 707 15 4-26 41 5 69 
At 10 years 32 253 — — 47 291 
Causes: 
Cardiac 18 142 9 256 27 167 
Sudden 1 0 08 1 0 28 2 0-12 
Valve related 3 0 24 1 0 28 4 0 25 
Not valve related 14 111 7 199 21 130 
Not cardiac 5 0 40 2 0 57 7 043 
Not known 9 071 4 114 13 0 80 
Total 2 253 15 426 47 291 
Actuarial survival (mean (SEM)) (95) 

At 5 years 83 oe 89 (4)* 84(2) 

At 10 years 72 73(5) 


pt-yr, patient-years. *p = 0 15 for 2400 v; 1260 
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Fig2 Actuarial estimates of survival, freedom from valve 
related morbidity, and freedom from thromboembolism for 
all patients up to 10 years after aortic valve replacement 
(means (1 SEM)). The total numbers of patients at risk 
each year are shown above the abscissa. Most valve related 
complications occurred early after smplanatation of the 
Starr-Edwards aortic valve and no new thromboembolic 
events were seen after 5 years. 


to a mid-brain pontine haemorrhage. No deaths 
could be attributed to paraprosthetic regurgitation 
or haemolysis and no deaths from primary valve fail- 
ure caused by mechanical dysfunction or thrombosis 
in situ were documented. Actuarial estimates of sur- 
vival were 84(2)% at five years and 73(5)% at 10 
years (fig 2). 

Table 3 lists the valve related complications that 
were observed. No cases of primary valve failure 
caused by mechanical dysfunction or thrombosis in 
situ were reported. Over 10 years valve related 
morbidity was documented in 60 patients 
(3-71 %/patient-year). Thromboembolism, noted in 
22 patients (1-36%/patient-year), was the most fre- 
quent complication. The central nervous system was 
affected in 18 (82%) cases and in four cases myo- 
cardial infarction was assumed to result from throm- 
boembolism to the coronary circulation. Coronary 
arteriography in three of the latter cases was normal 
either before or after the event. Ten of the 18 cases 
of non-fatal thromboembolism to the central ner- 
vous system resulted in a severe permanent residual 
neurological deficit. Transient ischaemic attacks of 
the central nervous system were recorded in eight 
patients, all without permanent neurological deficit 
including four patients who complained of amau- 
rosis fugax. Thromboembolism was not significantly 
correlated with the presence of atrial fibrillation; the 
combination occurred in only two patients. Throm- 
boembolic events were observed in a total of 26 
patients over 10 years (1: 61%/patient-year) includ- 
ing the four who died of thromboembolism to the 
central nervous system (table 4). In all 26 patients 
these events were observed within five years of the 
Starr-Edwards aortic valve implantation. Actuarial 
estimates of freedom from thromboembolic events 
were 89 (2)% at five and also at 10 years (fig 2). 

Anticoagulant related haemorrhage was reported 
in 12 patients (0-74% /patient-year), prosthetic valve 
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Table3 Valve related morbidity tn patients with Starr-Edwards 2400 and 1260 aortic valve prostheses 








2400 1260 Total 
Data No %/pt-yr No 96 [pr-yr No %/pt-yr 
Total valve related morbidity. 
At 5 years 33 897 22 6-25 55 7 64 
At 10 years 38 3-01 — — 60 371 
Causes. 
Thromboembolism 12 095 10 284 22 136 
S 11 087 7 1-99 18 1-11 
Non-CNS 1 008 3 0-85 4 0-25 
Antcoag haem 9 0-71 3 0-85 12 0-74 
Prosth endoc 10 079 4 1-14 14 0-87 
Haemolysis 3 0-24 0 0 3 019 
Paraprosth reg 4 032 5 142 9 0 56 
Mechan failure 0 0 0 0 0 0 
Total 38 301 22 625 60 371 
non’ 
boembolism 5 040 4 1-14 9 056 
Prosth endoc 4 0-32 4 1:14 8 0 49 
Paraprosth reg 2 016 5 142 7 0 43 
Total 11 0-87 13 3 69 24 1-49 
Actuarial freedom from morbidity 
(mean (SEM) to (%): 
At 5 years 74(3)* 84(4)* 75 a 
At 10 years 69 (4) T0 (4 


E aH — 
CNS, central nervous system, non-CNS, non-central nervous system; anticoag haem, anticoagulant related haemorrhage; prosth endoc, 


prosthetic endocarditis; paraprosth reg, paraprosthetic regurgitation; mechan 


*p = 0 21 for 2400 vs 1260. 


endocarditis in 14 (0-87% /patient-year), haemolysis 
in three (0-19%/patient-year), and paraprosthetic 
regurgitation -- without. endocarditis in nine 
(0-56%/patient-year). Actuarial estimates of free- 
dom from all valve related morbidity were 75 (3)% at 
five years and 70(4)% at 10 years (fig 2). 

Twenty four patients required reoperation 
(1:49%/patient-year) (table 3). The causes were 
thromboembolism in nine patients, prosthetic valve 
endocarditis in eight (with some but hae- 
modynamically not severe paraprosthetic regur- 
gitation in three of these), and severe paraprosthetic 
regurgitation without infection in seven. In all but 
one patient (with paraprosthetic regurgitation), 
reoperation-was performed within 12 months of the 
original aortic valve replacement. Three patients 


> 


failure, mechanical failure; pt-yr, patient-years. 


reoperated on for continuing infective endocarditis 
died at operation or shortly afterwards, and there 
was one late death (at one year) after reoperation for 
paraprosthetic regurgitation in a patient with Mar- 
fan’s syndrome. 

The incidence of mortality and valve related mor- 
bidity did not appear to be particularly high in any 
specific year. There were no significant differences 
evident between the 2400 and 1260 prostheses in the 
actuarial probability of mortality, valve related mor- 
bidity, or thromboembolic events. A consistent 
trend towards greater freedom from mortality and 
valve related complications, however, is apparent for 
the model 1260 prosthesis over the period 1979-83 
compared with the 2400 prosthesis during 1974-78 
(fig 3). 


Table 4 Total thromboembohc events in patients with Starr-Edwards 2400 and 1260 aortic valve prostheses 








2400 1260 Total 
No Sol Pt-yr No %lpt-yr No %olpt-yr 
Total thromboembolic events 
At 5 years 12 3-26 11 313 23 3-19 
At 10 years 15 1-19 — — 26 1-61 
` Actuarial from thromboembohsm ( mean ( SEM)) (%) 
At 5 years 89 g * 93 (3)* 89 (2 
At 10 years 89(3) 89 (2 





pt-yr, patient-years. *p = 0 61 for 2400 vs 1260. 
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Fig3 Actuarial estimates of survival, freedom from valve 
related morbidity, and freedom from thromboembolism for 
the Starr-Edwards models 2400 and 1260 prostheses up to 
10 years after aortic valve replacement (means (1 SEM)). 
The numbers of patients with each prosthesis at risk each 
year are shown above the abscissa. The actuarial differences 
between the 1260 and 2400 prostheses are not statistically 
significant, but there is a consistent trend towards greater 
freedom from mortality and valve related complications for 
the 1260 prosthesis (during 1979—83) compared with the 
2400 model (during 1974—78). 


e 
e 


Discussion ; 

This study was performed to define the long term 
performance characteristics of the modern series of 
Starr-Edwards aortic valve prostheses and demon- 
strates that the structural durability of Starr- 
Edwards models 2400 and 1260 aortic prostheses is 
excellent. There were no reports of cases of mechan- 
ical dysfunction from failures such as poppet frac- 
ture or embolisation, strut fracture, ball variance, or 
thrombosis in situ. This accords with other studies 
of the long term follow up of the modern series of 
Starr-Edwards aortic prostheses, with no previous 
reports of strut fractures and negligible frequency of 


.and  anticoagulant 
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variance of the silastic balls.?^ ? Thrombosis in situ 
seems to be very rare in anticoagulated patients with 
these prostheses.!? The late mortality of our 
patients with Starr-Edwards aortic valve replace- 
ment is similar to that reported in other large series 
and the actuarial survival estimates compare favour- 
ably.5^7 Although most deaths were from cardiac 
causes, the Starr-Edwards prosthesis could only be 
implicated in four (0-25% /patient-year) of these due 
to thromboembolism. When the cause of death was 
known, this could be indirectly related to the Starr- 
Edwards valve replacement in only six patients 
(three cases of infective endocarditis, two sudden 
deaths, and one intracranial haemorrhage). Even if 
such indirectly related deaths are included, valve 
related mortality over 10 years still remains low 
(0-629 /patient-year). 

Thromboembolism is the most important compli- 
cation to follow from insertion of mechanical cardiac 
valve prostheses.? *!? In this series we recorded a 
thromboembolic event (according to a comprehen- 
sive definition) in 26 patients of which only four were 
fatal. The frequency of thromboembolism is low 
compared with other published series.) ^ Anti- 
coagulation in these patients was deliberately main- 
tained in the upper part of the therapeutic range 
(2-5—4-0 times control values) in order to reduce as 
far as possible the risk of thromboembolism which, 
ifit should occur, may be fatal or result in permanent 
morbidity. The low frequency of thromboembolism 
in our series may be attributed in part to the careful 
anticoagulant control achieved by anticoagulant 
clinics and to the discipline of the patients. This may 
be an important factor in determining the choice of 
valve prosthesis in different countries. 

. The frequency of anticoagulant related hae- 
morrhage in our series was low. There was one fatal 
case of pontine haemorrhage but there were no other 
recorded episodes of intracranial bleeding. Most 


haemorrhages were gastrointestinal (nine patients), 
. butthis was rarely spontaneous and usually a precip- 
itàting event could be identified and no serious 
“bleeding complications were observed. Other sites 
* of haemorrhage were intramesenteric and retro- 


peritoneal (one patient each). Anticoagulant prob- 
lems associated with pregnancy, childbirth, or fetal 
abnormalities were not included in our analysis but 
the number of women of childbearing age with 
Starr-Edwards prostheses in our series was small 
problems associated with 
unrelated (non-cardiac) operations were rare. The 
low frequency of anticoagulant related haemorrhage 
in this study favourably compares with that of other 
published series?" and again may relate, in part, to 
careful anticoagulant control. 

Prosthetic valve endocarditis developed in 14 
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patients; in three cases this was fatal. A wide variety 
of organisms was responsible, and the variation in 
the interval between valve replacement and the 
development of infective endocarditis reflects the 
usual experience in series of prosthetic valve endo- 
carditis. Six patients required reoperation for endo- 
carditis on eleven occasions, illustrating the surgical 
difficulty of eradicating the organism when medical 
treated has failed.°1* One patient required 
reoperation on four occasions for endocarditis, but 
now is well three years after the last operation. 

Haemolysis requiring hospital admission or 
detailed outpatient management was recorded in 
only three patients. In only one patient was this asso- 
ciated with appreciable paraprosthetic regurgitation. 
Haemolysis per se was never an indication for 
reoperation in this series. Appreciable para- 
prosthetic regurgitation was noted in nine patients of 
whom seven required reoperation. In two cases para- 
prosthetic regurgitation appeared after reoperation 
for prosthetic valve endocarditis, a situation in which 
the risk of prosthetic dehiscence is high. Reoperation 
for all but one of the patients (with prosthetic regur- 
gitation) was necessary within the first year after 
Starr-Edwards aortic valve replacement, confirming 
that in the absence of endocarditis, paraprosthetic 
regurgitation probably results from technical factors 
relating to operation and is not prosthesis related. 
The frequency for reoperation was low at 
1-49%/patient-year, the indications being almost 
equally divided among thromboembolism, pros- 
thetic endocarditis, and paraprosthetic regur- 
gitation. Mortality and morbidity after reoperation 
again probably reflect the underlying aetiology and 
the patient’s condition rather than prosthesis specific 
events. 

In this study there was a consistent, although sta- 
tistically insignificant, trend towards implantation of 
the model 1260 being associated with less mortality 
and fewer valve related complications including 
thromboembolic events than the 2400 aortic pros- 
thesis. The 1260 prostheses were all implanted dur- 
ing the period 1979-83, however, whereas the 2400 
valves were inserted during 1974—80. Thus our data 
do not establish whether the trend observed in this 
study was caused by differences in patient related 
factors including general improvements in surgery 
and patient care over these periods of time, or was 
a genuine but statistically insignificant difference 
between valve models, or was due to chance. Many 
patient related factors have been shown significantly 
to predict a greater probability of developing long 
term  complications.!?!$ Several studies have 
reported a lower incidence of mortality and throm- 
boembolism for the same prosthesis in patients who 
had aortic valve replacement performed recently 
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than in comparable patients operated on in earlier 
years. !? The risk of systemic thromboembolism 
is high in patients with severe myocardial 
impairment, and indeed spontaneous calcific 
embolisation can occur in the unoperated patient 
with calcific aortic stenosis.!? Older age and chronic 
severe aortic regurgitation are associated with a con- 
siderable reduction in expected longevity.!® The risk 
of developing prosthetic endocarditis is generally 
independent of the type of prosthesis implanted and 
the choice of valve for patients with infective endo- 
carditis remains difficult because opinions differ 
about the risk of recurrence associated with various 
protheses.1* 20 21 

Differences in mortality and valve related mor- 
bidity in our patients compared with other published 
series are unlikely to be explained by differences in 
patient populations, because our patients resembled 
those in other series in terms of sex, rhythm, func- 
tional class, aetiology, and pathology; however, our 
patients tended to be younger.5 ^? In one-study the 
Starr-Edwards prostheses were implanted as a valve 
of second choice in patients with more complicated 
diagnoses and a high proportion of previous valve 
surgery which may account for their relatively poor 
outcome in that study.? Apart from functional class, 
the severity of preoperative or postoperative valvar 
discase or myocardial function was not considered in 
this study, but we have no reason to suspect 
significant differences from other series which would 
explain differences in mortality or valve related com- 
plications. 

Prosthesis related factors that determine mortality 
and morbidity include reliability, durability, and 
thromboembolism. No cases of mechanical pros- 
thetic dysfunction were reported in this study, and 
the frequency of thromboembolism was low. Com- 
pared with mechanical protheses bioprostheses used 
for aortic valve replacement show a lower incidence 
of thromboembolism and are not associated with 
any anticoagulant related haemorrhages; but these 
advantages are compromised by the increasing need 
for reoperation because of primary tissue valve fail- 
ure with time. The rate of primary tissue valve fail- 
urc accelerates after six years when the incidence of 
reoperation exceeds that for mechanical aortic pros- 
theses,?? and the incidence of primary tissue valve 
failure for bioprostheses is 20~30% at 10 years.?? 
There was no statistically significant difference 
between aortic bioprostheses and the Starr-Edwards 
1260 prosthesis in total rates of valve failure at eight 
years.?? Thus for isolated aortic valve replacement 
there seemed little to choose between mechanical 
and tissue prostheses up to eight years afterwards, 
but the Scarr-Edwards 1260 valve was more reliable 
and durable in the longer term.” 
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In summary, the long term structural reliability 
and durability of the Starr-Edwards models 1260 
and 2400 aortic prostheses is excellent. No episodes 
of mechanical valve failure or thrombosis in situ 
were observed and actuarial survival estimates of 
patients with these prostheses compare very favour- 
ably with those of other workers." 7 The frequency 
of thromboembolic events in this study was less than 


that reported elsewhere, and the frequency of hae- 


morrhagic complications associated with indefinite 
anticoagulation was also low. Like others, however, 
we realise that structural durability is only one of 
many variables to consider when assessing the per- 
formance of prostheses.’ This series will provide a 
basis for the comparison of newer valve substitutes, 
particularly bioprostheses, whose long term struc- 
tural durability has yet to be established.! ? !? 
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'The dysplastic pulmonary valve: echocardiographic 
features and results of balloon dilatation 
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Canada 


SUMMARY The feasibility of using balloon dilatation to relieve stenosis caused by dysplasia of the 
pulmonary valve was assessed in seven patients (five female, mean age two years) with angio- 
graphically confirmed dysplasia who were identified among 38 patients with pulmonary valve 
stenosis selected for balloon dilatation over a two year period. The clinical features in three 
patients were consistent with Noonan’s syndrome. In all patients the gradient across the valve was 
assessed by cross sectional echocardiography and Doppler echocardiography before cardiac cath- 
eterisation. Balloon dilatation was performed by conventional techniques. In one patient, who 
had balloon dilatation in the operating room before surgical valvectomy, the diameter of the valve 
orifice increased from 3mm to 10mm. Inspection showed a tear along the anterior commissure. 
The mean (SD) pressure gradients between the right ventricle and pulmonary artery before and 
immediately after dilatation in five patients were not significantly different (58 (28) and 47 (12) 
mm Hg) respectively. There was no overall significant change in the degree of stenosis when four 
of these patients were examined by Doppler echocardiography six months after operation (44 (17) 
mm Hg), although one patient (case 5) did show a significant reduction in gradient. This patient 
had angiographic and echocardiographic features of dysplasia and commissural fusion. Several 
- echographic features were common to all patients and distinguished them from cases of typical 
pulmonary valve stenosis. These were: (a) pronounced thickening of leaflets; (b) leaflet immo- 
bility in diastole and systole; (c) no dilatation of the sinuses of Valsalva in diastole, and (d) 
supra-annular narrowing. 

These poor results of balloon dilatation suggest that commissural fusion is not an important 
mechanism for causing stenosis in the dysplastic pulmonary valve. When dysplasia of the pul- 
monary valve is identified clinically and echocardiographically, balloon dilatation is unlikely to 
improve haemodynamic function; however, it should be attempted if commissural fusion is 
present. 


About 10% of cases of congenital heart disease have 
isolated pulmonary valve stenosis.! The mechanism 
of stenosis may be commissural fusion, resulting in a 
reduced haemodynamic orifice, or dysplasia of valve 
leaflets,?~ 5 which presents obstruction to flow, with 
or without a commissural component and a hypo- 
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plastic valve annulus. Dysplasia of the pulmonary 
valve is often found as an associated cardiac anomaly 
in Noonan's syndrome.'? The angiographic fea- 
tures of dysplasia include pronounced thickening of 
valve leaflets with irregular asymmetric doming in 
systole, little change in leaflet appearance between 
diastole and systole, hypoplasia of the proximal main 
pulmonary artery, and no radiolucent jet on cine- 
angiocardiography.* Surgical experience with stan- 
dard commissurotomy had been disappointing? ? ^ !! 
and this technique has been abandoned in favour of 
partial or complete valve tissue resection, with or 
without patch enlargement of the right ventricular 
outflow tract. 
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The dysplastic pulmonary valve 
Table 1 
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Results of balloon dilatation in seven patients with dysplastic pulmonary valves 





Pre-dilatation 


Post-dilatation 











Annulus size RV pressure as ^, Gradient RV pressure as "^, Gradient Follow up 

Patient No (mmj of systemic (mm Hg) of systemic imm Hg) gradient (mm Hy 
1 15 90 60 —— — — 

2 10 69 36 67 48 42 

3 11 60 40 50 32 47 

4 11 142 150 — — a 

5 10-4 103 96 70 60 23 

6 8 86 80 72 60 65 

7 10 60 38 60 38 — 

Mean (SD) 10-7 (2:11) 87 (29) nous 63-8 (8:9) 47-6 (12-6) 442(17.2) 

58 (28) 





RV, right ventricular. 
tOnly patients dilated. 


Percutaneous balloon dilatation has now replaced 
open heart valvotomy for the relief of typical pul- 
monary valve stenosis.!^"!" The attendant mor- 
bidity is minimal and short term results appear to be 
good. A few patients with dysplasia of the pul- 
monary valve have undergone this procedure but 
balloon dilatation has not been specifically assessed 
in this condition.!* !? !" We report our experience of 
using balloon dilatation in patients who had dys- 
plasia of the pulmonary valve that was identified by 
cross sectional echocardiographic criteria. 


Patients and methods 


Seven of 38 patients undergoing percutaneous bal- 
loon dilatation of the pulmonary valve between Jan- 
uary 1984 and December 1985 were prospectively 
identified as having clinical features consistent with 
dysplasia of the pulmonary valve. Three patients 
had the Noonan phenotype (cases 1, 2, and 3). None 
had a pulmonary ejection click. Plain chest radio- 
graphs did not reveal post-stenotic dilatation of the 
main pulmonary art ry (a feature noted in at least 
90°, of patients w.h typical pulmonary valve 
stenosis). The frontal QRS axis of the electro- 
cardiogram exceeded + 170^ in five cases. Two pa- 
tients (cases 3 and 5) had an associated patent 
foramen ovale. 

Echocardiographic imaging was carried out with 
an ATL Mark 600 or Ultramark 8 mechanical sector 
scanner ultrasound system (Advanced Technology 
Laboratories Inc, Bellevue, WA). Images were ob- 
tained from the standard and high parasternal short 
axis views. When we simultaneously measured 
Doppler echocardiographic gradients and intra- 
cardiac pressures in 39 patients with pulmonary 
valve stenosis we obtained a good correlation (r — 
0-95) (gradient (catheter) = 0-89 [gradient (echo)] 
+ 3:98). 

Angiocardiography was carried out under ke- 
tamine anaesthesia before balloon dilatation. The 


details of our dilatation procedure have been re- 
ported elsewhere.!? Briefly, systemic and right ven- 
tricular pressures are continuously monitored before 
and during dilatation. Balloon catheters with 
diameters that are 20-309; greater than annulus 
diameter measured from the lateral right ventricu- 
logram (table 1) are positioned across the pulmonary 
valve by means of a guide wire in the left pulmonary 
artery. Inflation-deflation cycles are rapid (less than 
15 seconds) and they are repeated (usually for two or 
three cycles) until no waist can be identified when 
the balloon is inflated. 

Patient 1, in whom pulmonary valve dysplasis 
had been identified clinically and angiocardio- 
graphically, underwent balloon dilatation at the time 
of surgery. Balloon size was selected according to the 
preoperative angiogram and the balloon was placed 
across the pulmonary valve ring from the pulmonary 
artery and inflated once after cardiopulmonary by- 
pass had been started. 


Results 


Table 1 shows the results of balloon dilatation. The 
balloon catheter could not be passed across the pul- 
monary valve in one patient (case 4). In the oper- 
ating room, before dilatation, patient 1 was seen to 
have thickened “fleshy” valve leaflets. A tear was 
seen in the anterior commissure of this valve as a 
result of dilatation. This suggests an element of 
commissural fusion, and in this instance the orifice 
increased from 3 to 10mm according to Hegar dila- 
tor sizing. 

During percutaneous balloon dilatation in the re- 
maining five cases no waist was seen during the ini- 
tial inflation cycle. Immediately after the procedure 
the mean pressure gradient across the pulmonary 
valve decreased insignificantly from 58 (28) to 47 
(12) mm Hg. Doppler echocardiography in four pa- 
tients (cases 2, 3, 5, and 7) six months after operation 
showed no overall significant relief of stenosis. One 
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Fig 1 


arrows 


patient (case 5), however, did have a significant re- 
duction in gradient from 60 mm Hg immediately af- 
ter dilatation to 23 mm Hg six months later (table 1). 
The pulmonary valve showed features of commis- 
sural fusion in addition to dysplasia. On the angio- 
gram the base of one of the leaflets appeared to be 
thin and a systolic jet was noted (fig 1). An echo- 
cardiogram (fig 1) of the pulmonary valve from the 
long axis view showed doming as well as leaflet 


thickening, with widening of one of the sinuses of 


Valsalva in diastole. Thus although the valve leaflets 
were thickened, there was an element of commis- 
sural fusion to account for the success of balloon 
dilatation. 

Table 2 shows the angiographic and echo- 
cardiographic features in these patients. All patients 


Cross sectional echocardiograms. (a) Precordial short axis view of a valve showing dysplasia ( white arrow) and 
commissural fusion. The cusp closest to the aorta appeared to be immobile during systole. The left sided cusp, however, 
appeared to dome during the cardiac cycle. (b) An angiocardiogram from the same patient, showing a central jet ( black 
+ the valve leaflets are thickened. mpa, main pulmonary artery; pv, pulmonary valve; rv, right ventricle 


showed angiographic evidence of thickening of pul- 
monary valve leaflets. A supra-annular ridge was 
noted in all but one patient (case 7) (fig 2). Patients 5 
and 7 did not show asymmetric systolic doming, and 
a systolic jet was seen in four of the seven patients. 
Post-stenot:c dilatation of the proximal main pul- 
monary artery was present in two patients (cases 4 
and 7). Patients 5 and 7 showed diastolic widening of 
one sinus of Valsalva on the lateral projection of the 
right ventriculogram, suggesting that in addition to 
dysplasia there was commissural fusion between at 
least two adjacent cusps. None of the patients had 
fixed subvalve pulmonary stenosis. The mean (SD) 
diameter of the pulmonary valve annulus was 10-7 
(2-11) mm and this is 90 (18) °, of the predicted 
normal for body weight.'” 


Table 2 A comparison of angiographic and echocardiographic features in seven patients with dysplastic pulmonary valves 


i 


atient No 








1 3 4 5 ^ 7 

Angiographic features 

Thickened leaflets + 4 " " n 4 

Asymmetrical systolic doming + 4 + " 

Supra-annular narrowing + + + + n 

Systolic jet 4 + + 4 

Post-stenotic dilatation 4 $ 
Echocardiographic features 

Thickened leaflets 4 + 4 4 4 " 

Immobility of leaflets 4 " n 4 

Supra-annular narrowing + i + + + 


Post-stenotic dilatation 


+ 


ee 


+, present; ©, absent, 


The dysplastic pulmonary valve ( 





Fig2 (a) Echocardiogram of precordial long axis view from a patient with a dysplastic pulmonary valve. Note the 
bright echoes originating from the thickened valve. There is also evidence of supravalvar narrowing (black arrou 

b) Angiocardiogram in the same patient. Note the absence of a central jet, the supravalvar narrowing (black arr: 
and a fleshy appearance of the valve leaflets. (c) Short axis echocardiographic view. (d) Photograph of long axis cut 
from another patient with a dysplastic pulmonary valve showing fleshy and thickened valve leaflets. There is no 
evidence of fusion along the commissures. ac, anterior cus; lc, left cusp; rc, right cusp; mpa, main pulmonary art 
pv, pulmonary valve; rv, right ventricle. 


The cross sectional echocardiographic features short axis view revealed tricuspid pulmonary valves 
that were common to patients with dysplasia cor- in all patients. Both the shape and the mobility of 
related closely with those seen during ventricu- individual valve leaflets could be determined 


lography (figs 1-2 and table 2). The high parasternal combining the parasternal long and short axis views 
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a) Echocardiogram of precordial short axis view from a patient wi*h typical pulmonary valve stenosis. Note the 


bright echoes at the tips of the leaflets where the commissures fuse; the remainder of the leaflet appears to be thin. (b) Valve 
doming in the same patient; the white arrows indicate the margins of the varve annulus. (c) Angiocardiogram showing the 
central jet typical of isolated pulmonary valve stenosis. (d) Photograph of a specimen cut in the long axis from a neonate with 
critical pulmonary valve stenosis. Note the pinpoint orifice indicated by the black arrow. The valve leaflets are slightly 
thickened; however, they are very different from the fleshy leaflets in the patient with a dysplastic valve seen in fig 2. 

ao, aorta; mpa, main pulmonary artery, pv, pulmonary valve; rv, right ventricle. 


all patients had thickened leaflets. Poor leaflet 
mobility could be seen in both long and short axis 
views in all patients except cases 5 and 7. The ante- 
rior sinus of Valsalva in each of these patients 
showed diastolic widening in the parasternal long 
axis view—a feature not seen in either the posterior 
sinuses of Valsalva in these two cases or in any of 
the other patients. Post-stenotic dilatation of the 
main pulmonary artery was seen in one patient only 
(case 7). 


Discussion 


The association of a particular phenotype with pul- 
monary valve stenosis has been well recognised since 
the original description by Noonan in the early 
1960s, with up to 50°% of patients having dysplasia 
of the valve as the mechanism of stenosis.” * It is 
very likely that the wide variation seen in the physi- 
cal features of this syndrome is similarly expressed 
in variable degrees of valve dysplasia.* Other clinical 


The dysplastic pulmonary valve 


features distinguishing dysplasia from typical (com- 
missural fusion) pulmonary valve stenosis are 
absence of an ejection click, a frontal QRS axis of 
2170? on surface electrocardiogram, and lack of 
post-stenotic dilatation of the main pulmonary 
artery on the chest radiograph.* § 9 

The gold standard of diagnosis, however, remains 
the angiographic demonstration of considerably 
thickened valve leaflets, irregular asymmetrical 
doming in systole, absence of diastolic widening of 
sinuses of Valsalva, and a hypoplastic valve annulus 
and proximal main pulmonary artery. Further- 
more, a systolic contrast jet is occasionally seen. On 
the basis of necropsy examinations, * the mechanism 
of obstruction is thought to result from the thick- 
ening of the leaflets, which are confined within a 
hypoplastic valve annulus, with little or no commis- 
sural fusion.* $? The echocardiographic features for 
the diagnosis of pulmonary valve dysplasia correlate 
well with the angiographic features. They are pro- 
nounced leaflet thickening combined with lack of di- 
astolic widening of the sinuses of Valsalva and 
supra-annular narrowing. Poor mobility of pul- 
monary valve leaflets was seen in both the para- 
sternal long and high short axis views. Evidence of 
diastolic widening of one or more of the sinuses of 
Valsalva in the long axis view suggests that commis- 
sural fusion, as well as a leaflet abnormality, may be 
a part of the mechanism of obstruction. These ob- 
servations are in direct contrast with those seen in 
typical isolated pulmonary valve stenosis in which 
the mechanism of stenosis is commissural fusion 
(fig 3). 

The application of balloon dilatation to dysplasia 
of the pulmonary valve was disappointing ın our se- 
ries and in tbe five patients reported by other in- 
vestigators.'*!517 This is not surprising because 
disruption of commissural fusion appears to be the 
mechanism for relief of obstruction in this condi- 
tion.!? Valve annulus hypoplasia cannot account for 
residual or persistent stenosis because hypoplasia 
(that is «2SD below expected normal) was not a 
prominent feature in our patients, although this fea- 
ture was noted by others.? Ó Furthermore, among 
patients with pulmonary valve stenosis, there will be 
a number with mixed dysplasia and commissural fu- 
sion. It is of interest that 20% of patients with valve 
dysplasia described by Jeffrey eral, showed angio- 
graphic systolic jetting," a feature found in > 90% of 
cases of typical doming pulmonary valve stenosis. 
Similarly Schneeweiss eral discussed 12 anat- 
omically confirmed cases of pulmonary valve dys- 
plasia and showed post-stenotic dilatation in 75% 
and systolic jetting in 3395.7? The traditional angio- 
graphic features of pulmonary valve dysplasia may 

' therefore reflect some contribution by commissural 


369 


fusion. 

Patients with mixed commissural fusion and 
dysplasia may obtain relief of stenosis from balloon 
dilatation of the valve. Cross sectional echo- 
cardiographic imaging of the pulmonary valve, par- 
ticularly in the parasternal long axis view, allows 
adequate imaging of at least two of the leaflets (figs 1 
and 3). Where echocardiographic imaging demon- 
strates features suggestive of dysplasia, diastolic 
frames should be carefully examined for widening of 
the sinuses of Valsalva. This feature we believe indi- 
cates that commissural fusion is part of the mech- 
anism of obstruction. In those instances, cardiac 
catheterisation and angiography should be under- 
taken to confirm the presence of commissural fusion 
and dysplasia and balloon dilatation should be con- 
sidered when gradient reduction is regarded as clin- 
ically appropriate. 
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Thrombocytopenia in patients with aortopulmonary 
transposition and an intact ventricular septum 
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From the Departments of Paediatric Cardiology and Paediatric Cardiovascular Surgery, The Heart Institute 
of Japan, Tokyo Women's Medical College, Tokyo, Japan 


SUMMARY Relations between platelet counts and mean pulmonary arterial pressures, capillary 
oxygen tension, and haematocrit were studied in 37 patients, aged 2 to 16 months, with simple 
aortopulmonary transposition (an intact ventricular septum and no ductus arteriosus). There was 
a statistically significant inverse relation between pulmonary arterial pressures and platelet 
counts. Six out of the eight patients (4-16 months old) with raised mean pulmonary arterial 
pressure had thrombocytopenia (< 100 000/mm?) and none of the 25 patients with a normal mean 
pulmonary pressure ( <20 mm Hg) showed thrombocytopenia. Pulmonary arterial pressures were 
not measured in four patients: the platelet count was 7000/mm? ‘in the patient with a left 
ventricular systolic pressure of 90 mm Hg but it was > 100 000/mm? in the three in whom left 
ventricular systolic pressure was «50 mm Hg. Platelet counts were positively correlated with 
capillary oxygen tension and inversely correlated with haematocrit in.all 37 patients. Despite the 
persistence of pulmonary hypertension, thrombocytopenia improved after corrective surgery in 
five patients, even in those who had thrombocytopenia before operation. 

These data suggest that the presence of thrombocytopenia is not solely related to the 
development of pulmonary vascular disease. Pulmonary vascular disease, however, does 
contribute to the early development of thrombocytopenia in patients with simple aortopulmonary 
transposition. 


Haematological abnormalities including poly- Patients and methods 
cythaemia, thrombocytopenia, and hyper- 


coaguability are often reported in patients with 


cyanotic heart disease.'~> These abnormalities can 
cause serious perioperative complications. Although 
some studies have indicated that patients with 
cyanotic heart disease may have disseminated intra- 
vascular coagulation*—* others have not.? 7 

We have found severe thrombocytopenia with a 
bleeding tendency in some of our patients with 
simple aortopulmonary transposition (an intact 
ventricular septum and no ductus arteriosus) in 
whom pulmonary^arterial pressure is raised. This 
prompted an investigation of the association of 
thrombocytopenia and pulmonary hypertension in 
patients with simple aortopulmonary transposition. 
Requests for reprints to Dr Makoto Nakazawa, Department of Pae- 


diatric Cardiology, The Heart Insutute of Japan, Tokyo Women’s 
Medical College, 10 Kawada-cho, Shinjuku, Tokyo 162, Japan. 


Accepted for publicanon 9 December 1986 


We studied 37 consecutive patients (aged 2-16 
months (mean 8)) with simple aortopulmonary 
transposition who underwent preoperative cardiac 
catheterisation at our hospital between January 1979 
and March 1985. Patients with a ductus arteriosus 
were excluded from the study. 

Pulmonary arterial pressure was measured in 33 
patients, and in these patients we studied the inter- 
relation between platelet counts and mean pul- 
monary arterial pressures. We also. studied the 
relations between platelet counts and the capillary 
oxygen tension or haematocrit value in 37 patients, 
including the four patients in whom pulmonary 
arterial pressures were not measured. The platelet 
count was obtained with a Coulter Thrombocounter 
at the time of preoperative haemodynamic assess- 
ment. When thrombocytopenia was found we used 
the Rees-Ecker method to confirm the count. A 
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Fig 1 Inverse correlation between platelet counts and mean 
pulmonary arterial pressure. This relation 1s non-linear; 
the best fit is obtained with the logarithmic function 
(r = —0:79, p < 0001). 
platelet count of < 100000/mm? was regarded as 
showing thrombocytopenia. 

Correlations between the platelet count and the 
mean pulmonary arterial pressure, capillary oxygen 
tension, and haematocrit were tested by regression 
analysis with simple linear or logarithmic equations. 


Results 


RELATIONS BETWEEN PLATELET COUNTS AND 
MEAN PULMONARY ARTERIAL PRESSURES, 
CAPILLARY OXYGEN TENSION, AND 
HAEMATOCRIT 

In the 33 patients in whom pulmonary redd pres- 
sures were known, platelet counts were inversely 
correlated with mean pulmonary arterial pressures 
(mean pulmonary arterial pressure = 57 — 12-3 log, 
(platelet counts/10*); r = —0-79, p < 0-001 (fig 1)). 
For example, six of the eight patients with raised 
mean pulmonary arterial pressure had thrombo- 
cytopenia (< 100 000/mm?). The other two patients 
with a raised pulmonary pressure had platelet counts 
of 120 000/mm? and 140 000/mm?. None of the 25 
patients with a normal mean pulmonary arterial 
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Fig2 Relation between platelet counts and capillary oxygen 
tension (r = 0-53, p < 0-01). 


pressure (< 20mm Hg) was thrombocytopenic. 

In the four patients in whom pulmonary arterial 
pressures were not measured the platelet count was 
7000/mm? in a patient (case 7 in table) with a left 
ventricular systolic pressure of 90mmHg and 
> 100000/mm? in the three patients in whom left 
ventricular systolic pressure was « 50mm Hg. 

Platelet counts were also related to capillary oxy- 
gen tension (r — 0:53, p « 0-01) and inversely to the 
haematocrit (r = —0:71, p < 0-01) in all 37 patients 
(figs 2 and 3). 


CLINICAL CHARACTERISTICS IN PATIENTS 
WITH THROMBOCYTOPENIA 

Seven (19%) of the 37 patients were thrombo- `“ 
cytopenic. The table summarises the clinical fea- 
tures. Their ages at catheterisation ranged from four 








Table Characteristics of thrombocytopenic patients 
Before surgery After surgery 
Case Age Platelets Haematocnt MPAP Platelets : MPAP 
No (mnth) ( X 10*5| mm? ) (mm Hg) (96) (mm Hg) Surgery ( x 10*|mm? ) (mmHg) 
1 i 2 30 60 38 Senning 22 T8 
2 16 1 22 62 57 Sennin 21 ND 
3 4 8 20 63 42 PAB, 1 67 
4 12 06 23 65 53 Senning 23 ND 
5 12 3 31 61 81 Senning 39 67 
6 15 5 38 T3 40 Jatene 19 29 
7 12 0-7 30 66 ND Jatene 4 83 


—Ó—Ó ———— MÀ Ó— M Ó— 
pepe lary Giygcn tension; MPAP; mean pulmonary, artery pressure; PAB, pulmonary artery banding; BT, Blalock-Taussig shunt; 


NI, no 
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Fig3 Inverse relation between platelet counts and 
haematocrit (r = —0 71, p < 001). 


to 16 months and five of them were between 12 and 
16 months old. 

Five patients who had a platelet count of 
« 30 000/mm? showed haemorrhagic complications 
such as generalised petechiae or purpura and hae- 
maturia. Bone marrow aspiration in three patients 
showed adequate numbers of megakaryocytes with 
normal platelet production in all of them. 

Six patients (cases 1—6) had raised mean pul- 
monary arterial pressures (38-81 mm Hg) before 
operation. The thrombocytopenic (7000/mm?) 
patient (case 7) in whom the pulmonary arterial 
pressure was not measured had a left ventricular sys- 
tolic pressure of 90mm Hg. In this case no pul- 
monary stenosis was found at operation. 

After catheterisation all seven patients underwent 
operation: a Senning operation in four, a Jatene pro- 
cedure with a Lecompte modification in two, and 
pulmonary arterial banding with Blalock-Taussig 
shunt in one. Pulmonary arterial pressure was mea- 
sured in five of them one day to four years after oper- 
ation. Mean pulmonary arterial pressure had not 
fallen to normal (< 20 mm Hg) in any of them. One 
patient (case 7) died of pulmonary vascular obstruc- 
tion eight days after operation. 

In all six survivors the postoperative platelet 
count increased to normal within 30 days after oper- 
ation. In one patient (case 2) who had undergone 
palliative surgery, however, hypoxaemia developed 
five months after operation; thrombocytopenia 
progressed when the mean pulmonary arterial pres- 
sure reached 67 mm Hg. 
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Discussion 


Thrombocytopenia develops gradually in patients 
with cyanotic heart disease." ^? Ekert et al reported 
platelet counts of < 100000/mm? in eight of 28 
patients with cyanotic heart diseases, including 
aortopulmonary transposition; all eight were more 
than three years old.” Paul et al showed that throm- 
bocytopenia was rare in infants aged less than a 
year.) Gross et al showed that thrombocytopenia 
was most common in older patients with hypox- 
aemia and polycythaemia.® Thus it seems likely that 
the severity of thrombocytopenia in patients with 
cyanotic heart disease 1s related to the duration of 
both hypoxaemia and polycythaemia. The present 
study also showed that the severity of hypoxaemia 
and polycythaemia was significantly related to the 
platelet count. Some investigators have demon- 
strated a decrease in platelet life span in cyanotic 
patients with normal platelet counts as well as in 
those with thrombocytopenia,!°!! suggesting that 
there may be compensated thrombocytolysis with 
relative and absolute megathrombocytosis in 
cyanotic patients. 

In our patients with simple aortopulmonary 
transposition thrombocytopenia was even found in 
patients aged less than 18 months if pulmonary arte- 
rial pressure was increased. In addition, continuing 
high pulmonary arterial pressures in these patients 
after corrective surgery indicated the presence of 
pulmonary vascular obstructive disease. The early 
occurrence of thrombocytopenia associated with 
advanced pulmonary vascular disease may be a 
specific feature of simple aortopulmonary trans- 
position. 

It is now generally thought that pulmonary vaso- 
constriction caused by hypoxaemia, a high hae- 
matocrit, and increased pulmonary blood flow may 
increase the shear stress on the endothelium and 
cause endothelial damage. Platelets aggregate at 
such sites. All three factors occur in simple 
aortopulmonary transposition and this may explain 
the rapid progression of pulmonary vascular disease 
in such patients.!? Wagenvoort er al in their histo- 
logical study of patients with simple aorto- 
pulmonary transposition showed that the pul- 
monary arteries had thin walls and wide lumens, 
especially in patients with high haematocrits.!? 
Moreover, they found intimal fibrosis indicative of 
organised thrombi in some of their patients. Pul- 
monary thrombi contribute to further progressive 
vascular disease.!* An association of pulmonary vas- 
cular disease and thrombocytopenia has not been 
established, however. 

As we have shown, corrective surgery resulting in 
increased oxygen saturation can increase platelet 
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counts in patients with severe thrombocytopenia 
before operation, despite the persistence of pul- 
monary hypertension. Clearly the presence of 
thrombocytopenia is not solely related to the devel- 
opment of pulmonary vascular disease. The pul- 
monary vascular state may, however, influence the 
rate of destruction of platelets in the lung. In other 
words the association of pulmonary vascular disease 
may contribute to the early induction of thrombo- 
cytopenia in patients with simple aortopulmonary 
transposition. 

Although the basic mechanism has not been 
confirmed, thrombocytopenia is an important clin- 
ical finding which indicates the presence or devel- 
opment of pulmonary vascular disease. Operation 
during early infancy should prevent the devel- 
opment of pulmonary vascular disease and hae- 
matological abnormalities. 
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Myocardial infarction caused by coronary artery 
damage from blunt chest injury 


S D PRINGLE, K G DAVIDSON 


From the Departments of Medical Cardiology and Cardiothoracic Surgery, Royal Infirmary, Glasgou 


SUMMARY 


A case is reported in which blunt chest injury caused an intimal tear in the left anterior 


descending coronary artery. Despite few external signs of injury the patient sustained a 
myocardial infarction resulting in life threatening arrhythmias and considerable left ventricular 


dysfunction. 


Chest trauma is a rare but important cause of cardiac 
damage. It most commonly results from steering 
wheel injuries in road traffic accidents! but has also 
been reported in physical assaults? and as a result of 
sporting injuries.) Direct injury may cause cardiac 
rupture, ventricular septal defect, and valvar or 
myocardial damage.* Less commonly the coronary 
arteries may be injured. We report a case of anterior 
myocardial infarction occurring after damage to the 
intima of the left anterior descending coronary 
artery. 


Case report 


A 20 year old man was admitted to Monklands 
District General Hospital after a road traffic 
accident. He had been found wandering confused 
near his motorcycle which had been in collision with 
a lamp standard. On arrival at hospital he was fully 
conscious but disorientated. He had abrasions to his 
face and right arm, bruising of his anterior chest 
wall, and a fractured right clavicle. Heart rate was 
80 beats/min and blood pressure was 130/90 mm Hg. 
One hour after admission he developed severe retro- 
sternal pain associated with nausea and sweating. 
He became hypotensive with a blood pressure of 
90/60 mm Hg. An electrocardiogram showed ST 
elevation in leads V1-V4 consistent with an antero- 
septal myocardial infarction. He was transferred to 
the coronary care unit where electrocardiographic 
monitoring demonstrated several episodes of non- 
sustained ventricular tachycardia. The next day he 
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developed bifascicular block with right bundle 
branch block and left anterior hemiblock, which 
progressed to complete heart block requiring tempo- 
rary transvenous pacing. Echocardiography demon 
strated a dilated left ventricle with akinesis of the 
septum but no pericardial effusion. 

Over the next two days the conduction defects 
resolved and he made an uncomplicated recovery 
Substantial myocardial damage was confirmed by a 
considerable increase in serum creatine kinase 
(9944 U/l). Cardiac catheterisation six weeks after 
the accident demonstrated impaired ventricular 
function with a large anterior akinetic area and a left 
ventricular end diastolic pressure of 25 mm Hg 
Selective arteriography demonstrated a 
intimal tear of the left anterior descending coronary 
artery at its origin (figure), The other coronary 
arteries were normal. 


severe 





Selective arteriography of the left coronary artery 
showing an intimal tear of the proximal left anterior 
descending coronary artery. 


Figure 
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Discussion 


The heart's position between the sternum and the 
vertebral column makes it liable to injury from 
non-penetrating chest trauma. This may be more 
common than previously thought. Non-invasive 
techniques such as radionuclide angiography have 
demonstrated cardiac damage in up to 55% of 
patients with blunt chest trauma. Most cardiac 
injuries are the result of direct trauma to the 
myocardium causing concussion or contusion. À 
recent study has suggested that the differentiation 
between concussion and contusion may be important 
because the risk of ventricular arrhythmias is 
increased by contusion.? 

In addition to direct injury, myocardial infarction 
may occur as a consequence of damage to the coro- 
nary arteries causing lesions ranging in severity from 
coronary artery rupture and fistula formation to 
atheromatous plaque fissuring and intimal tears.’ 
These injuries are much less common, accounting 
for 10 out of 548 patients in one series of fatal chest 
trauma? and only one out of 258 cases in a prospec- 
tive study of non-penetrating chest trauma.” Two of 
these 11 injuries were intimal tears of previously 
normal arteries. In most previous reports of 
angiographically proven coronary artery injury in 
non-fatal chest trauma!?!' there has been total 
occlusion of the damaged artery. The assumption is 
that intimal damage with subsequent thrombotic 
occlusion occurred. In the presence of a total 
occlusion, however, it is difficult to be certain about 
underlying intimal damage. In the two reports in 
which the artery was not occluded, one had atheroma 
elsewhere in the coronary tree and this suggests that 
atheromatous plaque fissuring was the most likely 
underlying cause.) The other case demonstrated a 
non-occluded intimal lesion in an otherwise normal 
right coronary artery.!? 

The case reported here is of a non-occlusive 
intimal tear in an otherwise normal left anterior 
descending coronary artery. The intimal lesion itself 
may have been responsible for the myocardial 
infarction by causing mechanical obstruction or by 
inducing local spasm; a more likely explanation is 
that there was a superadded thrombotic occlusion 
that had undergone thrombolysis during the interval 
between infarction and angiography. Traumatic 
induction of fissuring in an atheromatous plaque 
seems unlikely in such a young person with an other- 
wise normal coronary artery tree. 

In our patient there were few signs of trauma to 
the chest and yet he sustained a myocardial 
infarction with considerable left ventricular damage. 
As in previous studies, '* echocardiography was 
useful in providing evidence of myocardial damage. 
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The importance of early recognition is emphasised 
by this case in which there were life threatening 
arrhythmias and conduction abnormalities that 
required prompt treatment. 

There should be a high index of suspicion of 
cardiac injury in all cases of non-penetrating 
chest trauma even when there are relatively trivial 
external signs of injury. All such patients should 
have an electrocardiogram as part of their initial 
assessment; if this shows changes consistent with 
myocardial injury we recommend further assess- 
ment by echocardiography. 


We thank Dr A J S Gardiner and Dr I Hutton for 
permission to report this case. 
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'Traumatic combined valve lesions with aneurysm of 
the sinus of Valsalva causing late onset of heart 


failure 


SUGATO NAWA, KANAME KUROZUMI, SHIGERU TERAMOTO 
From the Second Department of Surgery, Okayama University Medical School, Okayama, Japan 


SUMMARY A 23 year old man was operated on because severe incompetence of the aortic, mitral, 
and tricuspid valve caused congestive heart failure five months after a violent steering wheel 
injury. The following abnormalities were found at operation: a disrupted right coronary cusp, a 
torn chorda of the anterior mitral leaflet, a dilated tricuspid annulus, and an intimal tear on the 
aortic root near the right coronary ostium that had developed into an aneurysm of the sinus of 


Valsalva. 
Case report 


A healthy 23 year old man met with a traffic accident 
in July 1985. The steering wheel compressed his 
chest and he lost consciousness for a few minutes. 
He was admitted to a local orthopaedic hospital with 
sternal pain. During a two week stay in hospital he 
had no symptoms of cardiac tamponade, pneu- 
mothorax, or haemothorax. Five months after the 
accident, however, severe congestive heart failure 
developed. He was referred to another local hospital; 
when digoxin and diuretic treatment did not 
improve his symptoms he was referred to our hospi- 
tal. We do not know whether the heart murmur was 
audible when he was discharged by the orthopaedic 
hospital. 


CLINICAL FINDINGS 

Diastolic pressure in both arms was low 
(26 mm Hg). On auscultation grade 4/6 systolic and 
diastolic murmurs of a to and fro type were heard in 
the aortic region, radiating to both carotid arteries in 
systole. A grade 3/6 systolic regurgitant murmur 
was also heard at the apex, radiating to the axilla and 
spine. A pulsatile liver was palpable 7 cm below the 
right costal margin. A chest radiograph showed a 
cardiothoracic ratio of 0-68. Laboratory studies were 
normal. 
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Cross sectional echocardiography showed pro- 
nounced dilatation of the four cardiac chambers, and 
moderate depression of left ventricular functions 
(ejection fraction 54?,, per cent fibre shortening 
29%, and mean circumferential fibre shortening 
0-97 circ/s). Echocardiography also demonstrated a 
severe deformity of three aortic cusps and poor 
coaptation of the mitral leaflets near to the pos- 
teromedial commissure. Pulsed Doppler exam- 
ination showed severe to moderate regurgitant flow 
across the tricuspid, mitral, and aortic valves. 

Cardiac catheterisation had been carried out at the 
referring hospital; it had demonstrated moderately 
raised pressure in the right ventricle (55/4 mm Hg) 
and in the main pulmonary artery (58/33 mm Hg). 
Monoplane left ventricular and aortic root contrast 
cineangiograms obtained by the referring hospital 
showed severe (3/4) aortic and mitral regurgitation. 
The quality of the cineangiograms was very poor. 
Uneven opacity of the aortic root was seen in the 
aortogram, but echocardiography and pulsed 
Doppler examination detected no further abnormal- 
ity. 

On the basis of these data open heart surgery was 
planned. Further invasive examination was not pro- 
posed because there had been cardiac decom- 
pensation immediately after cardiac catheterisation. 


FINDINGS AND PROCEDURES AT OPERATION 

The tricuspid annulus was markedly dilated but it 
had not been damaged. Careful examination of the 
mitral complex through the atrial septotomy showed 
a torn chorda and a thickened flailed area on the 
anterior mitral leaflet near to the posteromedial 
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commissure. This lesion caused incompetence of the 
mitral valve. Moreover, in addition to the consid- 
erable deformity of the left and non-coronary cusps 
of the aortic valve, the right coronary cusp was 
severely disrupted. This cusp was lacerated at the 
bottom and only the bilateral commissural portions 
remained attached to the aorta. There was an intimal 
tear (1:0 cm long) in the right coronary sinus that 
was floored with old blood clots. 

The tear was approximated with buttressed 
sutures and the severely disrupted aortic valve was 
replaced by a mechanical prosthetic valve (Omni- 
science, 25 mm). The torn mitral chorda was reim- 
planted into a neighbouring chorda and mitral 
annuloplasty was performed on the posteromedial 
commissure by the unilateral Kay's technique.! The 
dilated tricuspid annulus was corrected by De 
Vega's method.? 

The patient survived the operation and his post- 
operative course was uneventful. Cardiac cath- 
eterisation after operation showed that the pressure 
in the right ventricle had fallen to 23/2 mm Hg and 
pressure in the main pulmonary artery to 
26/11 mm Hg. The area-length method also showed 
a reduction in end diastolic and end systolic volume 
indices of 147 and 79 ml/m? from the preoperative 
values of 302 and 173ml/m? respectively. Post- 
operative echocardiography showed similar reduc- 
tions in left heart dimensions and an improved 
cardiac function. Postoperative cineangiography 
demonstrated excellent re-establishment of tri- 
cuspid, mitral, and aortic valve competences. 
Unfortunately it was only at this stage that the 
aneurysm of the right coronary sinus of Valsalva was 
apparent. It had been overlooked preoperatively. 


Discussion 


Important cardiac trauma occurs in 10% to 20% of 
the victims of fatal motor vehicle accidents.) The 
symptoms of cardiac injuries may be fulminant or 
delayed, occurring hours, days, and sometimes even 
years after the injury.“ We do not know when 
incompetence of the aortic and mitral valves devel- 
oped in the present case. We do not know what the 
findings at auscultation were when the patient was 
examined before discharge from the orthopaedic 
hospital, when the heart size and shape appeared to 
be normal. The laceration of the right coronary cusp 
and the intimal tear in the same sinus of Valsalva 
suggest that aortic valve incompetence was caused 
by injury. The aortic wall and valve injuries in this 
case are typical of damage caused by a water hammer 
phenomenon. We cannot be certain that tearing of 
the chorda in the mitral apparatus occurred when 
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the aortic valve and sinus of Valsalva were dis- 
rupted. We think that damage to both the mitral and 
aortic valves is likely to have been caused by the 
impact of the steering wheel. A pathophysiological 
mechanism has been proposed to explain the occur- 
rence of mitral damage,** and Kissane eral have 
described mitral regurgitation after external chest 
injury in dogs. 

We believe that the tricuspid regurgitation was a 
secondary effect of severe volume overload of the left 
heart; apart from dilatation of the annulus we found 
no signs of injury to the tricuspid valve. Secondary 
tricuspid incompetence is often associated with 
more conventional acquired valve disease. 

Cardiovascular injuries have been reported after 
chest injury* 37 5; but these reports do not include 
cases in which operation was needed for traumatic 
combined -valve regurgitation with aortic root 
intimal tear causing aneurysm of the sinus of Val- 
salva. Cuadros et al reported a similar case in which 
there was mitral regurgitation caused by partial 
laceration of papillary muscle, circumferential 
laceration of the aortic root, and rupture of the 
pericardium,^ but in their case there was no aortic 
regurgitation or sinus aneurysm. 

The aneurysm of the sinus of Valsalva was over- 
looked preoperatively because only a poor quality 
aortic root angiogram in the right anterior oblique 
projection was available from the local hospital. The 
very faint abnormal silhouette of the aneurysm was 
masked by the contrast in the aortic root. The lesion 
was missed on preoperative cross sectional echo- 
cardiography because abnormal anteriorly projected 
echoes from the aortic root were erroneously inter- 
preted as ghost echoes. The simple approximation of 
torn intimal edges with buttressed sutures was not 
sufficient to achieve complete closure of the 
aneurysmal lesion, and a postoperative cine- 
angiogram clearly showed the residual aneurysm. 

We intend to monitor this residual lesion by serial 
cross sectional echocardiographic studies.? A second 
operation may be inevitable.? !9 

The resected aortic cusp showed no evidence of 
inflammation; however, the lacerated right coronary 
cusp showed myxoid degeneration, almost complete 
absence of elastic fibres, and cystic degeneration. 
The mitral valve complex was of normal appearance 
except for the small flailed portion where:a fibrous 
thickening was observed. The change was consid- 
ered to be secondary to regurgitant flow. The histo- 
logical changes seen in the aortic valve were not 
found in the mitral valve. In this patient there may 
have been histopathological degeneration in the 
aortic valve before the accident that made it more 
vulnerable to the forces generated by steering wheel 
compression. 


Traumatic valve lesions with aneurysm of the sinus of Valsalva 


References 


1 Kay JH, Zubiate P, Mendez MA, Vanstrom N, 
Yokoyama T. Mitral valve repair for significant 
mitral insufficiency. Am Heart J 1978;96:253—62. 

2 De Vega NG. La annuloplastia selectiva regulable y 
permanente. Una técnica originale para et trat- 
amiento de la insuficiencia tricuspide. Rev Esp Car- 
diol 1972,25:555-6. 

3 Barber H. The effects of trauma, direct and indirect, on 
the heart. Q J Med 1944;13:137-67. 

4 Cuadros CL, Hutchinson JE, Mogtader AH. Lacer- 
ation of a mitral papillary muscle and the aortic root 
as a result of blunt trauma to the chest. J Thorac 
Cardiovasc Surg 1984,88:134—40. 

5 Parmley LE, Manion WC, Mattingly TW. Non- 
penetrating traumatic injury of the heart. Circulation 
1958,18:371-96. 


379 


6 Kissane RW, Fidler RS, Koons RA. Electrocardio- 
graphic changes following external chest injury to 
dogs. Ann Intern Med 1937;11:907—35. 

7 Sklar JS, Clarke D, Campbell D, Pearce B, Apperetti 
K, Johnson M. Traumatic ventricular septal defect 
and lacerated mitral leaflet. Chest 1982;81:247—9. 

8 Rashid A, Chandrarata PA, Hildner FJ, Samet P, Yahr 
WZ, Greenberg J. Papillary muscle rupture follow- 
ing nonpenetrating chest trauma. Report of a case 
with hemodynamic and serial echocardiographic 
findings and successful surgical treatment. Heart 
Lung 1978;7:647-51. 

9 Miller FA, Seward JB, Gersh BJ, Tajik AJ, Mucha P. 
Two-dimensional echocardiographic findings in 
cardiac trauma. Am J Cardiol 1982;50:1022~7. 

10 Faillace RT, Greenland P, Nanda NC. Rapid expan- 
sion of a saccular aneurysm on the left coronary sinus 
of Valsalva: a role for early surgical repair? Br Heart 
J 1985;54:442-4. 


1 


Br Heart J 1987,57:380—3 


A functioning intrapericardial paraganglioma 


(pheochromocytoma) 


o 


YOSHIAKI SHIMOYAMA, KOZO KAWADA, HIROJI IMAMURA 


From the Department of Surgery, Keio University Hospital, Tokyo, Japan 


SUMMARY A patient with a functioning intrapericardial paraganglioma (pheochromocytoma) 
that was located at the root of the aorta overlying the right coronary artery and adherent to the 
right ventricular wall is reported. The tumour was successfully removed under total cardio- 
pulmonary bypass without inducing cardiac arrest. 


Since 1974 when Besterman et al reported an intra- 
pericardial pheochromocytoma,! other cases have 
been reported." !? In most reported cases! ? the 
tumour seemed to be related to the left atrial wall. 
We report a case in which the pheochromocytoma 
was located at the root of the aorta. 


Case report 


About 10 years before presentation this 49 year old 
woman had first noted palpitation, headache, and 
weakness in her feet. Appendectomy (at age 19) and 
two pregnancies and deliveries (at 27 and 31) had 
been uneventful. She had an intraoperative hyper- 
tensive crisis and a postoperative hypotensive crisis 
at total hysterectomy and bilateral adnexectomy 
at 43. 

On 16 February 1980, she was admitted to the 
Keio University Hospital. She was of normal size 
and shape, and had two abdominal scars. No mass 
was palpable in the abdominal area. Blood pressure 
was 150/80 mmHg and rose to 210/110 mmHg 
within a few minutes of the intravenous injection of 
10mg of metoclopramide.!! Urinary excretion of 
noradrenaline was 4782 nmol/24 h (809 ug/24 h) 
(normal 59-532 nmol/24 h) (10 to 90 ug/24 h) and 
the concentration of plasma noradrenaline was 12:05 
nmol/l (2-04 ng/ml) when the patient was recumbent 
(normal < 2 4 nmol/l (0-40 ng/ml). We suspected 
that she had a pheochromocytoma. 

Because the site of the tumour was not known she 
was treated with labetalol (400 mg per day). On 14 
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October 1985 she was readmitted to our hospital 
because of an attack of paroxysmal hypertension and 
palpitation. Urinary excretion of noradrenaline was 
25-7 umol/24 h (4 352 ug/24 h) and the concentration 
of plasma noradrenaline while the patient was 
recumbent was 36 nmol/l (6:10 ng/ml) On 20 
November 1985 whole body  !?!I-metaiodo- 
benzylguanidine scintigraphy revealed a lesion in 
the thorax (fig 1a). Computed tomography of the 
chest on 4 December 1985 showed an abnormal 
mass in the mediastinum (fig 1b). On 13 December 
1985 an arteriogram obtained after injection of con- 
trast into the left internal mammary artery showed 
hypervascularity of the upper part of the tumour 
(fig 2). 

At operation on 22 January 1986 a dark red and 
smooth tumour was found when the pericardium 
was opened. The tumour arose from the root of the 
aorta; it overlay the right coronary artery and 
adhered to the right ventricular wall. It was removed 
under total cardiopulmonary bypass and mild hypo- 
thermia without inducing cardiac arrest. The 
tumour was supplied with many arteries derived 
from the right coronary artery. The tumour was 
removed together with a part of the right ventricular 
myocardium. 

The patient’s blood pressure became normal on 
the first postoperative day. After operation urinary 
excretion of noradrenaline fell to 893 nmol/24 h 
(151 ug/24 h) and plasma noradrenaline fell to 
2nmol/l (0-34ng/ml). Her blood pressure did not 
increase after intravenous metoclopramide.!! She 
was discharged on the twenty-fifth postoperative 
day off medication. 

The tumour measured 5:0 x 4:5 x 3-5cm. The 
cut area showed a homogeneous, brown mass of 
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Fig 1 


a) '3" [-metaiodobenzylguanidine scintiscan 

anterior image of chest), three hours after a dose of 1-0 mCi, 
showing lesion in the thorax. (b) Computed tomographic scan 
of the chest showing an abnormal mass ( arrow). 


nodular tissue. The tumour was surrounded by a 
collagenous capsule and was firmly attached to the 
myocardium, but there was no infiltration of the 
myocardium. There were many blood vessels, some 
of which were dilated and some which were com- 
pressed. The tumour cells were arranged in clusters 
of various sizes which were separated by fibrous 
septa. The tumour cells had egg shaped hyper- 
chromatic nuclei of slightly varying sizes, but active 
mitotic figures were not seen. Many had cytoplasmic 
vacuoles. The tumour cells contained abundant 
cytoplasmic granules (fig 3). Strong staining of the 
granules by the Grimelius silver reaction suggested 
that these were secretory granules (fig 3). 
Electronmicroscopy showed that the chief cells 


contained cytoplasmic granules with an ele 
dense core (fig 3). The diameter of these secretio 
granules ranged from 150nm to 200nm 
tumour contained 3:34mg of noradrenaline [x 
gram but not adrenaline or dopamine. The tun 
was identified as a benign functioning para 
ganglioma (pheochromocytoma). 


Discussion 


Intrapericardial paragangliomas are rare tumour 
There are two types. The first are called chemi 
dectomas; they are chromaffin negative and 
originate from the parasympathetic chain and a: 
seen in chemoreceptor tissue. According to Gor 
lakrishnan et al these tumours are non-functioning 
in the intrapericardial site.'^ The second grouj 
comprises the pheochromocytomas which ar 
chromaffin positive and arise from the sympathet 
nervous system. These tumours are catecholamine 
secreting and functioning paragangliomas. Intra 
pericardial pheochromocytomas usually involve th 
left atrial wall. Shapiro and colleagues reported 
pheochromocytomas originating from the 
atrium and another detected in the aortopulmonary 
window. Besterman er al, Wilson et al, Voci 
Saad et al, and Fisher et al have all reported cases 
which a pheochromocytoma was attached ti 

left atrium.! *^ Others have described phe 
chromocytomas arising from the interatrial sep 
tum.'* David er al reported a case in which 
pheochromocytoma involved the posterior wall 
the left ventricle and coronary sinus.” A right atria 
pheochromocytoma has also been reported.’ 

To our knowledge, a pheochromocytoma arising 
from the root of the aorta, overlying the right « 
nary artery, and adherent to the right ventricular 
wall has not been described before. A tumour at thi 
site is likely to have arisen from chromaffin cells 
the paraganglia in the ventral connective tissue 
between the descending aorta and the pulmona: 
trunk. This paraganglion is called the coronary para 
ganglion and receives its blood supply from the left 
coronary artery in adults.'* Boyd has pointed out 
that in the fetus the coronary paraganglion receiv 
an additional blood supply from the right coronary 
artery.'* The fact that the tumour in our patient was 
mainly supplied from the right coronary artery sug 
gests that this artery may supply the coronary par: 
ganglia in adults as well. Angiography showed tha 
the upper part of the tumour was supplied from th« 

th t 
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left internal mammary artery. Because there may 
anastomoses between the coronary arteries and 
internal mammary artery, ? it is not impossible that 
a branch of the internal mammary artery supplied 
the region in which the tumour was found. W 
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Fig2 Arteriograms obtained after injection of contrast into the left internal mammary artery showing hypervascularity 


along the upper part of the tumour ( arrows 


therefore propose that there is another blood supply 
to the coronary paraganglion in adults. 

!ILmetaiodobenzylguanidine scintigraphy was 
most helpful in determining the site of the pheo- 
chromocytoma in this case. Computed tomography 
of the chest was useful in determining the ana- 
tomical connections with the intrathoracic organs. 
'311_metaiodobenzylguanidine is an appropriate 
agent for the search for extra-adrenal pheo- 
chromocytomas, 

Microscopy showed that the tumour was firmly 
attached to the myocardium though no infiltration 
was noted. Removal of tumours from this site 
requires resection of a part of the right ventricular 
wall. The tumour was completely removed under 
cardiopulmonary bypass without any functional 


damage to the right coronary artery. Induction of 


cardiac arrest was not needed because there was no 
arrhythmia; thus the right ventricular wall could be 
reconstructed without any difficulty. 


We thank Professor Tadashi Inoue and Takao Sar- 


uta for their helpful advice and criticism and Hir- 
omichi Suzuki, Toshio Imafuku, and Hiroaki 
Nomori ñor their preoperative management of our 
patient. We also thank Chikao Torikata for the 
photomicrographs and photoelectronmicrographs. 
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Fig3 (a) Photomicrograph (haematoxylin and eosin) of the tumour showing the arrangement of cells into alveoli 
Tumour cells contain egg-shaped hyperchromatic nuclei and abundant cytoplasmic granules. There are vacuoles in the 
cytoplasm in many cells. (b) Photomicrograph ( Grimelius stain) showing strong staining of cytoplasmic granules which 
indicates that they are secretory granules. (c) Photoelectronmicrograph of a tumour cell containing many secretion 
granules. (d) High power photoelectronmicrograph showing that the diameter of a granule is about 150-200 nm 
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Nocardial endocarditis of an aortic valve prosthesis 
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SUMMARY The organism responsible for endocarditis of a prosthetic aortic valve was identified 
as Nocardia asteroides. The patient was treated with intravenous amikacin (250 mg four times a 
day) and intravenous imipenem (1-5 g four times a day). The valve was replaced under this new 
antibiotic regimen. This is the first report of survival after prosthetic valve nocardiosis. 


Two cases of endocarditis of a prosthetic valve 
resulting from Nocardia asteroides infections have 
been reported.! ? Both patients died before specific 
treatment could be established. We report a case of 
nocardial endocarditis that followed aortic valve 
replacement. 


Case report 


A 61 year old man with severe calcific aortic valve 
disease was given a Medtronic Hall valve prosthesis 
in March 1984. Fever developed after operation and 
he was treated with the antibiotic cefadroxil because 
an exacerbation of chronic emphysematous bronchi- 
tis was suspected. The patient was transferred to the 
medical department 21 days after operation. Phys- 
ical examination was normal and the prosthetic heart 
sounds were clear. A chest x ray indicated emphy- 
sema without pulmonary infiltrates; the heart was of 
normal size. Abdominal sonography and cholangio- 
graphy showed small stones in the gall bladder and 
in the cystic duct. The erythrocyte sedimentation 
rate (56mm per hour), the neutrophil count (5-7 x 

10°/1) (with an increased proportion of unsegmented 
neutrophils (11%), serum iron («25 pg/dl), and 
copper (240 ug/dl)) were compatible with a systemic 
infection. When antibiotic treatment was withdrawn 
the patient's oral temperature rose to 40°C. After 
two weeks of incubation at 37°C blood cultures 
showed growth of a Gram positive filamentous 
micro-organism. This organism was identified as 
biovar B of the Nocardia asteroides complex? or 
Nocardia farcinica.* Sputum cultures were always 
negative for nocardiae and urine cultures contained 
no micro-organisms. 
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TREATMENT 
Intravenous treatment with amoxycillin (2g three 
times a day) was started followed by a combination 
of mezlocillin (5 g three times a day) and tobramycin 
(80 mg twice a day) because blood cultures remained 
negative for two weeks. When Nocardia asteroides 
was identified as the aetiological agent treatment 
with sulphadiazine 12 g a day was started. But the 
dose of 24 tablets per day produced unacceptable 
gastrointestinal side effects. Intravenous treatment 
with amikacin and a combination of amoxycillin plus 
clavulanic acid (Augmentin) was started at dosages 
of 250 mg two to four times a day and 5:5 g three 
times a day (5 g amoxycillin + 0:5 g clavulanic acid), 
respectively. In vitro susceptibility tests? showed 
that the Nocardia strain was sensitive to amikacin at 
a minimal inhibitory concentration (MIC) of 2 
ug/ml and moderately sensitive to amoxycillin plus 
clavulanic acid (MIC 8-16 ug/ml) and the thie- 
namycin derivative, imipenem (MIC 8 pg/ml). Oral 
dosages of imipenem (1:5g four times a day) and 
amikacin (500 mg four times a day) were chosen to 
maintain the bactericidal concentrations in the 
serum that were obtained during infusion of both 
drugs. This regimen reduced fever to 37-38*C and 
reduced the proportion of unsegmented neutrophils. 

Six weeks after admission, moderate signs of cho- 
langitis were seen and a cholecystectomy was per- 
formed in the eighth week. Cultures from the 
removed gall bladder, the bile, and blood were nega- 
tive. Body temperature declined and remained nor- 
mal for four weeks and the patient was discharged on 
the thirteenth postoperative day without antibiotic 
treatment. 

The patient was readmitted to the medical 
department on 30 July 1984 because of recurrent 
septic fever. Blood cultures again produced No- 
cardia, asteroides (N farcimca) which was still sus- 
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ceptible to amikacin, imipenem, and co-trimoxazole 
in vitro. Clinical investigation, especially prosthetic 
valve sounds and laboratory tests including chest 
xray, bronchoscopy, abdominal sonography, and 
bone marrow histology did not indicate any systemic 
malignant disease. On the second day of amikacin 
treatment (500 mg four times a day) and imipenem 
(1 g four times a day) fever levelled off and remained 
at 36:5-37.5^C. The patient was transferred to the 
department of surgery. At operation an intact aortic 
valve prosthesis was found but there was an 
aneurysm of the non-coronary sinus of Valsalva. 
Cultures from the removed valve produced No- 
cardia asteroides ( N farcinica). The sinus of Valsalva 
and the base for the valve were locally disinfected 
and a Medtronic Hall aortic valve prosthesis was 
implanted. Postoperative recovery was good. Ami- 
kacin had to be withdrawn because of rapid deterio- 
ration of hearing. Treatment with imipenem (1g 
four times a day) was continued for three weeks after 
operation. Then the patient was treated with oral 
trimethoprim and sulphamethoxazole (160 and 800 
mg twice a day respectively). Before discharge trans- 
mission computed tomography and scintigraphy 
with indium-111 labelled leucocytes did not detect 
any cranial abscesses. The patient remains well 
without any laboratory evidence of infectious dis- 
ease. 


Discussion 


Nocardiosis is a rare disease with an unfavourable 
prognosis which occurs predominantly in severely 
compromised patients with systemic malignant dis- 
ease or in those on immunosuppressive treatment.? 
So far two cases of nocardiosis of prosthetic valves 
have been reported.'? Vlachakis and associates 
reported the death of a 34 year old women four 
months after mitral valve replacement.” Falk and 
coworkers reported the death of a 64 year old woman 
from nocardial endocarditis six months after 
replacement of an aortic valve.! Both patients had 
multiple abscesses and in the absence of other sites 
of entry the lungs were the most likely portal for 
systemic nocardiosis.° In our patient body tem- 
perature declined to normal immediately after cho- 
lecystectomy; however, an infectious agent was not 
cultured from the resected gall bladder and cholan- 
gitis or cholecystitis have not been reported as 
primary manifestations of nocardiosis. The possi- 
bility of false negative cultures must be considered; 
however, the mode of infection remains unclear. 
Possibilities include intraoperative infection and 
activation by the operation of an infection that was 
acquired preoperatively.’ 

This is the first report of the survival of a patient 
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with nocardial endocarditis after valve replacement. 
In our opinion the favourable outcome in this case 
depended on the following factors: (a) the causative 
agent (Nocardia asteroides, biovar B = N farcinica) 
was identified early; (6) abscesses did not occur in 
vital organs; (c) an antibiotic regimen that was 
effective in vivo was found; and the patient could be 
brought to reoperation. 

Nocardiosis was diagnosed in our patient from a 
blood sample obtained on the twenty-sixth post- 
operative day. Because we found that only screening 
for Nocardia gave positive results, we wonder 
whether the high numbers of "unknown" agents in 
prosthetic valve endocarditis? may be partly 
accounted for by nocardiae. Early diagnosis is essen- 
tial because nocardiosis tends to spread and produce 
disseminated, especially cerebral, abscesses.°’ Pre- 
vention of these abscesses was probably the major 
effect of the antibiotic treatment that we used. We 
used a regimen of amikacin and amoxycillin plus cla- 
vulanic acid because experimental? and clinical 
results with these agents have been reported to be 
better than standard sulphadiazine treatment. The 
Nocardia strain in the present case was sensitive to 
amikacin but only moderately sensitive to 
amoxycillin plus clavulanic acid (Augmentin) and 
fever was not suppressed by this combination. Aug- 
mentin was, therefore, replaced with the thie- 
namycin derivative imipenem which has also been 
reported to be effective in some isolates of Nocardia 
asteroides.!? !! Imipenem appeared to be as effective 
or slightly more effective against the patient's No- 
cardia strain than amoxycillin plus clavulanic acid. 
Very high doses were required to achieve bacte- 
ricidal plasma concentrations and after the replace- 
ment of the valve prosthesis the side effects of ami- 
kacin (deterioration of hearing) limited the use of 
this drug. Antibiotic treatment could not be 
expected to effect a cure in the presence of an infec- 
ted valve prosthesis. The positive cultures obtained 
from the removed aortic valve prosthesis and the 
rapid recovery of the patient after replacement of the 
valve confirmed the diagnosis of nocardial endo- 
carditis. The contribution of the aneurysm of the 
sinus of Valsalva in this case is not known. Cultures 
obtained from this aneurysm were negative and we 
do not know whether it was a consequence or a cause 
of the endocarditis. 








We thank Professor Gerhard Schroeter, Institute of 
Hygiene and Professor Olaf Elert, Department of 
Thoracic and Cardiovascular Surgery, University of 
Würzburg for their cooperation. 
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SUMMARY A child in whom abnormal vessels connected the descending thoracic aorta and the left 
atrium is described. This is a previously unreported congenital malformation. Clinically this 
condition differs from the more common aorto-cardiac fistulas in that the continuous murmur 
was better heard posteriorly as well as in the right parasternal area. Ligation of the aberrant 


vessels abolished the murmur. 


Aorto-cardiac fistulas are well known. Aneurysms of 
the sinuses of Valsalva, usually of the right sinus, 
may rupture into the right ventricle, right atrium, or 
rarely the left atrium.! ? The communications are 
rarely congenital. They rupture either spontane- 
ously or as a result of infection, trauma, or operation 
involving the aorta or aortic valve.? ^? 

An aorto-left ventricular tunnel is a congenital 
anomaly in which a defect in the aortic wall provides 
a tunnel opening on to the left ventricle via the sep- 
tum bypassing the aortic valve.5 Coronary cameral 
fistulas are usually congenital and caused by an 
abnormal connection between a main or branch 
coronary artery and one of the cardiac chambers.” 

We report a patient in whom there were con- 
genital fistulas between the abnormal branches of 
the descending thoracic aorta and the left atrium. 
We found no published reports of similar cases. 


Case report 


A four year old Iranian boy was admitted for 
investigation of a cardiac murmur. He was born after 
a normal pregnancy and was healthy until he had a 
*gland" infection at the age of two. Then a heart 
murmur was discovered. 

On examination he was of normal size and build 
for his age, apart from a precordial bulge caused by 
an enlarged heart. He was intelligent and cooper- 
ative. He was acyanotic with no clinical signs of 
heart failure. The arterial pulses were regular and 
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symmetrical; however, they were of high volume 
and ill-sustained. Blood pressure was 90/40 mm Hg. 
The venous pressure was normal. The left ventricle 
was greatly enlarged and showed a hyperkinetic 
impulse. A very loud continuous murmur was heard 
on auscultation. This was best heard posteriorly to 
the right of the spine at the level of T5 and T6, but 
it was also heard widely over the back and much 
more softly anteriorly. There was an apical third 
heart sound. The electrocardiogram showed sinus 
rhythm with voltage criteria typical of left ventricu- 
lar enlargement. Chest x ray showed considerable 
cardiomegaly and a large aortic knob. The main pul- 
monary artery was not enlarged and there was no 
evidence of a left to right shunt. 

Cross sectional echocardiography showed situs 
solitus with normal intracardiac relations. There 
were no valvar abnormalities. The left ventricle was 
enlarged and contracting vigorously. The left atrium 
was also dilated, whereas the right heart chambers- 
were normal. The ventricular septum was intact. 
There was no evidence of coarctation. The 
ascending aorta and the horizontal portion of the 
arch were enlarged and excessively pulsatile as far as 
the isthmus. At the isthmus a large vessel appeared 
to emerge from the descending aorta. This was taken 
to be a ductus arteriosus even though its continuity 
with the pulmonary artery was not visualised on the 
echocardiogram. Because the clinical findings were 
incompatible with a ductus arteriosus, cardiac cath- 
eterisation and angiography were performed. There 
was no pressure gradient across the valves. An aor- 
togram showed a competent aortic valve and no 
ductus arteriosus. After the arch of the aorta became 
opacified the left atrium filled promptly through a 
large channel which appeared to lie posteriorly and 
parallel to the descending aorta (figs 1 and 2). A >, 
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Contrast aortogram in the left anterior oblique 
projection showing the abnormal vessel connecting the 
descending thoracic aorta with the left atrium (arrows). 
Note also the diminishing calibre of the descending thoracic 
aorta. 


Fig l 


fistula between the aorta and left atrium was diag- 
nosed. Because neither the angiogram nor the echo- 
cardiogram had indicated the precise connections of 
this fistula the patient was examined by computed 
tomography. This showed an anomalous vessel adja- 
cent and to the right of the descending thoracic aorta 
which appeared in images immediately below the 
arch of the aorta at a point where the calibre of the 
aorta abruptly diminished. This structure filled with 
the contrast to the same degree as the aorta and was 
of a similar size (fig 3). 

Laboratory investigations were normal apart from 
an iron deficiency anaemia (haemoglobin 9-1 g/dl). 
The tuberculin test was negative. 

Operation was performed through a left tho- 
racotomy incision. The aortic arch was large and at 
the base of a large left subclavian artery there was an 
abnormal vessel of the same diameter as the left sub- 
clavian artery. After about 1:5cm this anomalous 
vessel petered out into a fibrous chord and disap- 
peared into the mediastinum in the region of the 
oesophagus. About 2 cm below the origin of the left 
subclavian artery the descending thoracic aorta rap- 
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idly tapered down to about half the size of the arch. 
There was a very strong continuous thrill in this 
area. After the third part of the arch and the 
descending thoracic aorta had been fully dissected 
and mobilised, it was possible to see a very large 
vessel passing directly to the right from the 
descending thoracic aorta just where it started to 
narrow and there was a further vessel about half its 
diameter immediately above it. Because the thrill 
only disappeared after trial occlusion of both aber- 
rant vessels, they were evidently in direct commu- 
nication. Both vessels were doubly ligated and this 
abolished the thrill. The patient's postoperative 
course was uneventful. Figure 2 is a compositive 
diagrammatic representation of the angiographic, 
computed tomographic, and operative findings. 


Discussion 


Aorto-cardiac communications are not uncommon 
in children and neonates. The large gradient 
between the high pressure aorta and low pressure 
cardiac chamber causes a high flow for which the 
heart must compensate to maintain adequate per- 
fusion.” Most congenital aorto-cardiac fistulas com- 
municate between one of the coronary sinuses, usu- 
ally the right, and the right ventricle, right atrium, 
and much more rarely the left ventricle. These 
fistulas are often associated with other congenital 
heart lesions.' Jaen eral described a patient with a 
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Fig2 Diagrammatic representation of the aortic arch 
viewed from the left lateral projection with the pulmonary 
artery removed for clarity (see text). IVC, inferior vena 
cava; LA, left atrium; LSC, left subclavian artery; PA, 
pulmonary artery; RSPV, right superior pulmonary vein. 
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Fig3 Computed tomographic scan at the level of the heart (a) and great vessels (b, c). After contrast inje 
abnormal vessel became opacified simultaneously with the ascending and descending aorta (b) and the transver 
arch (c). The calibre of the descending thoracic aorta at the level of the heart (a) is half the size of the arch 
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communication between the ascending aorta, 3mm 
above the origin of the left coronary artery, and the 
left atrium, which led to the formation of four large 
aneurysmal sacs.? 

After birth, acquired communications occur 
either as varicose aneurysms or as direct arte- 
riovenous anastomoses caused by trauma, operation, 
or infection.? Apart from the unspecific history of a 
gland infection and the site of communication in our 
patient there is nothing to suggest that this commu- 
nication may have been developed after birth. The 
smoothly communicating vessels with the presence 
of a second similar but much smaller vessel, the lack 
of fibrous tissue or adhesions, and the young age of 
our patient all indicate that these were anomalous 
branches of the aorta communicating directly with 
the left atrium. These vessels arose where one would 
expect the right sided intercostal vessels to arise 
from the descending thoracic aorta. The direct com- 
munication with the left atrium, however, 18 hard to 
explain embryologically. 


We thank Dr Louis Kreel for providing fig 3 and for 
his expert interpretation of the computed tomo- 
graphic scan. 
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Kenneth Shirley Smith 


Kenneth Shirley Smith died on 29 January 1987. He 
was born in 1900 and pursued a long and 
distinguished career in cardiology. He was a senior 
scholar at the Middlesex Hospital Medical School, 
was awarded a BSc with first class honours in 1923, 
and qualified MB BS in 1927. He proceeded to 
MRCP in 1927 and an MD in 1929. He was elected 
a fellow of the Royal College of Physicians in 1933, 
After house appointments he became medical regis- 
trar at the Middlesex Hospital and then resident 
medical officer at the National Heart Hospital in 
1927. 

Subsequently he was appointed consultant physi- 
cian to Charing Cross Hospital, the London Chest 
Hospital, and the Samaritan Hospital for Women. 
He served in the Royal Army Medical Corps during 
the Second World War in the First Army in North 
Africa and later with the Central Mediterranean 
Force in Italy, Greece, and Austria, retiring with the 
rank of Colonel. He was Gold Staff Officer at the 
coronation of King George VI. 

After the war, Shirley Smith steadily built up his 
reputation in cardiology. His work (with Max Zoob) 
on the use of pressor agents in the treatment of shock 
in myocardial infarction provoked interest and 
marked a new approach in the use of sympatho- 
mimetic drugs in cardiac crises. His interests in 
cardiology centred mainly on ischaemic heart disease 
and he published papers on electrocardiography in 
minor coronary thromboses and on various forms of 
angina. 

Shirley Smith preceded, because of his age, the 
introduction and explosive onslaught of cath- 
eterisation and all that it brought with it. Never- 
theless, he continued to maintain a high degree of 
expertise and a lively interest in all forms of cardio- 
vascular disease. His organising ability was recog- 
nised by his appointment as secretary of the First 
European Congress of Cardiology which was held in 
London in 1952 under the presidency of the late Sir 
John Parkinson. The success of this congress, which 
was a pioneering event, was generally regarded as 
being due largely to the efficiency and application of 
Shirley Smith. 

But Shirley Smith's principal fame came from his 
able editorship of the British Heart Journal. Starting 
as associate editor, he provided a perfect alliance 
with the editor, the late Dr Maurice Campbell, with 





whom he developed a deep and abiding friendshiy 
and whom he served with great loyalty 
they forged a journal of high merit which gained and 
still holds an outstanding international reputation 
Eventually he succeeded to the editorship. He was ar 
excellent editor: calm, efficient, and hardworking 
He held firm views about how the journal should be 
run and though his attitudes may have occasionally 
appeared somewhat rigid, his rules of procedure 
and high standards of scientific merit, writing 
composition, and management provided a firm base 
for the journal at a time when the advancing tide 
cardiology was sweeping all before it. His insistence 
on a high standard of English made him scornful of 
pointless prolixity and high sounding phrases 
little literary merit and dubious value 

When the time came for him to retire on the 
grounds of age from the National Health Service he 
spared no pains to see that every possible encour 
agement and practical help was to his 
successor. 

His career was enhanced by his election as pres 
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dent of the British Cardiac Society in 1964. 
Kenneth Shirley Smith was an extremely cour- 
teous person of gentle mien with a quiet and quiz- 
zical sense of humour. His sympathetic and 
unassuming manner sometimes misled acquaint- 
ances into thinking him dull or colourless but this 
was not so; within the gentle carapace of courtesy lay 
a strand of steel. He could be determined and 
forceful. His strength of character lay in his ability to 
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act decisively and firmly without losing his friendly 
diplomatic approach. 

In the later part of his active career he bore the 
fatal illness of his wife with great fortitude and 
courage. 

Shirley Smith's contributions to cardiology were 
numerous, and the more notable because they were 
achieved in low key without fuss or excitement. 

J F GOODWIN 





On the occasion of the retirement in 1972 of Kenneth 
Shirley Smith as editor of the British Heart Journal 
Walter Somerville, his successor, wrote: 

... With the production of the December issue of 
the Journal, Kenneth Shirley Smith vacated the 
editorial chair whıch he had occupied since 1959. He 
succeeded Maurice Campbell who had been Editor 
since the birth of the Journal in 1938. By the time 
Shirley Smith assumed office he was thoroughly 
familiar with the distinctive genre of the Journal 
which had been fashioned by Campbell and Evan 
Bedford who had shared editorial responsibilities for 
the first ten years. Bedford retired in 1948 and 
Campbell was left in sole charge. One of his first 
actions was to appoint Shirley Smith as Associate 
Editor. The choice was natural and successful. 
Shirley Smith was of scholarly inclination, and for 
the next decade collaborated happily with 
Campbell's demanding editorial requirements. He 
expressed his admiration and gratitude for 
Campbell's influence in an editorial tribute in the 
Journal, regarding him as the Journal’s progenitor 
and formative influence. 

In the 14 years of his reign, Shirley Smith 
continued the evolutionary process, imposing his 


strong and sensitive policies on the Journal's person- 
ality. He was firm in his rejection of ambiguity in 
expression and inaccuracy, in uncovering false 
claims to originality, in rating papers according to 
their scientific importance, and in maintaining an 
unimpeachable ethical standard. His artistic sensi- 
tivity was reflected in his concern for basic standards 
of presentation. He was never disturbed by the lack 
of a high literary style; a writer's way of expressing 
himself was his own business, but he was always 
required to make his meaning clear and with as few 
words as possible consistent with this objective. 
Otherwise Shirley Smith's only intrusion into an 
author's choice of words was his implacable distaste 
of certain prevalent clichés. . . . 

The Journal flourished under Shirley Smith’s 
guidance: in the course of 14 years the number of 
pages in each volume more than doubled, the Journal 
advanced to monthly publication (initially quar- 
terly), and the circulation increased by more than 75 
per cent.... 

Techniques of communication will change in time 
and we hope to play our proper part in evolving 
them. Meanwhile we ... are grateful for the pros- 
perous order in which he left his charge. 
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Detection of coronary artery disease by thallium 
scintigraphy in patients with valvar heart disease 


Sir, 

The results reported by Huikuri et al 
(1986;56:146—-51) who used thallium scintigraphy to 
detect coronary artery disease in patients with valvar 
disease do not accord with what we found in similar 
patients. We used thallium-201 scintigraphy to 
study a group of 21 patients with severe aortic valve 
disease (nine with aortic stenosis, five with aortic re- 
gurgitation, and seven with combined aortic stenosis 
and regurgitation) and angiographically normal co- 
ronary arteries and a control group of 21 young indi- 
viduals free from heart disease.! In the image 
obtained after stress testing 17 of the 21 patients 
with aortic valve disease had thallium uptake defects 
with partial or total redistribution. Findings were 
positive in only one of the controls. We concluded 
that so-called “ischaemic” patterns were common in 
patients with severe aortic valve disease and angio- 
graphically normal coronary arteries and that thal- 
lium scintigraphy had a low specificity (19%) for the 
"diagnosis of associated coronary artery disease. In a 
later study we found that in patients with severe aor- 
tic regurgitation and normal coronary arteries there 
was a significant correlation between these defects in 
thallium uptake and wall motion abnormalities de- 
tected by equilibrium gated radionuclide angio- 
graphy.? 

In contrast, Huikuri et al found that thallium 
scintigraphy had a sensitivity and specificity of 
about 90% in a series including 15 patients with mi- 
tral valve disease and 33 patients with aortic valve 
disease. We think that several factors may have con- 
tributed to this discrepancy: 

(a) In our series higher heart rates were obtained 
(for similar ages) during stress testing.! This could 
reflect a higher level of cardiac work, with a higher 
likelihood of disclosing perfusion defects (or “‘rela- 
tive ischaemia”) with a thallium scan. 

(b) Aortic valve disease was more severe in our 

“series! with presumably a greater left ventricular 
mass and a smaller coronary reserve. This could ex- 
plain the higher rate of “‘false positive” findings on 
thallium scans. In the series reported by Huikuri et 
al the inclusion of 15 patients with mitral valve dis- 
ease could also have improved their results. 

(c) Although in both studies a semiquantitative 


method was used to evaluate the thallium scans, the 
method used by Huikuri et al is less subjective (in- 
terobserver agreement of 94%) but probably not less 
sensitive or more specific than ours.! 

(d) Huikuri et al regarded all scans showing hypo- 
perfusion in any area except the apex as positive 
whether or not there was redistribution, whereas we 
regarded scans showing hypoperfusion after stress 
as positive only when there was partial or total redis- 
tribution in any area including the apical zone. Only 
three patients in our series (one with aortic stenosis, 
one with aortic regurgitation, and one with mixed 
stenosis and regurgitation) had post-stress defects 
limited to the apical zone with partial or total redis- 
tribution. If these three cases are excluded, however, 
as suggested by Pfisterer et al;? the specificity would 
be increased only from 19% to 339 —thus this can- 
not be the only reason for the different specificity 
values. 

These factors may explain the different results ob- 
tained in both studies. The discrepancy shows that 
one should be cautious about claiming or denying 
that the thallium scan is useful for the detection of 
coronary disease associated with aortic valve disease. 
It also shows that results from a laboratory may not 
be comparable, particularly if different methods and 
interpretation criteria are used. We therefore agree 
with Huikuri et al that it is premature to state that 
thallium scintigraphy can replace coronary arte- 
riography in the diagnosis of coronary artery disease 
in patients with valvar heart disease. 


J Candell-Riera, 
Servicio de Cardiología, 


J Castell-Conesa, 

D Ortega-Alcalde, 

Servicio de Medicina Nuclear, 
Ciudad Sanitaria “Vall d'Hebron", 
Barcelona, 

Spain. 
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This letter was shown to Dr Huikuri, who replies as 
follows: 


Sir, 

We are grateful to Dr Candell-Riera and his col- 
leagues for commenting on their experience of thal- 
lium imaging in aortic valve disease. We are 
somewhat surprised by their reports of low 
specificity. 

We do not know the details of how the images 
were assessed in their study. It is well known that 
the interpretation of thallium images is subjective 
and it is often difficult to define abnormal thallium 
perfusion. Misinterpretation of irregular thallium 
uptake in the apical region, which was commonly 
seen in our study (especially in severe aortic regur- 
gitation) and has also been described by Pfisterer ez 
al,' is a possible source of false positives. These de- 
fects are not strictly limited to the apex, but extend 
partly to the inferior region. These inferoapical de- 
fects should not be regarded as representing a coro- 
nary artery disease. The peak heart rate achieved 
during exercise was higher in patients studied by 
Candell-Riera et al. It is possible that sub- 
endocardial ischaemia occurring during maximal ex- 
ercise in critical aortic valve disease can reduce the 
thallium uptake of the myocardial cells and result in 
thallium defects despite normal coronary arteries. It 
has been our policy not to continue exercise until 
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severe symptoms develop because of the possible 
hazards of maximal exercise testing in patients with 
severe aortic stenosis. This factor may explain the 
lower number of false positive scans in our study. 

We have continued our thallium studies in pa- 
tients with aortic stenosis by using dipyridamole in- 
fusion as a stress test.” In this pilot study we found 
thallium imaging to be 86°, sensitive and 87% 
specific in detecting angiographically significant co- 
ronary artery disease. Because of these results we 
now prefer dipyridamole stress testing to dynamic 
exercise testing in patients with critical aortic steno- 
sis. These patients often have a poor exercise toler- 
ance which limits the usefulness of exercise testing 
in conjunction with thallium imaging. Coronary va- 
sodilation with dipyridamole does not result in myo- 
cardial ischaemia in a hypertrophied left ventricle 
without coronary artery disease and may also im- 
prove the specificity. We certainly agree with 
Candell-Riera e: al that none of the non-invasive 
methods can yet replace coronary angiography in 
patients with valvar disease and suspected concomi- 
tant coronary artery disease. More studies are 
needed. 


Heikki V Huikuri, 

Division of Cardiology, 
Department of Medicine, 

Oulu University Central Hospital, 
Oulu, 

Finland. 
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The cause of rheumatic heart disease 


Sir, 

Dr William L Proudfit’s recent review entitled 
“John Hunter: on heart disease" is a most inter- 
esting and valuable contribution. In it he mentions 
the question of whether Edward Jenner or Dr David 
Pitcairn should rightfully be credited with having 
initially associated valvar heart disease with pre- 
cedent rheumatic fever. He suggests that Pitcairn's 
claim rests upon a footnote in the second edition of 


Dr Matthew Baillie's textbook published in 1797,' 
whereas Jenner was known to have spoken on the 
subject to the Gloucestershire Medical Society in 
1789. 

There is, however, stronger evidence than this for 
Pitcairn's claim. On 3 April 1810 William Charles 
Wells read a paper entitled “On rheumatism of the 
heart" to the Society for the Improvement of medi- 
cal and chirurgical Knowledge. Wells was an 
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Observer of irrefutable precision and independence 
and the secretary to that quite remarkable little 
society. Hunter and Baillie were also both members 
and regular contributors. Wells knew of Jenner be- 
cause Hunter had previously read to the society an 
interesting letter which Hunter had received from 
Jenner.* 

In the introduction to his paper in 1810 Wells 
detailed the development of knowledge about 
rheumatic heart disease. There seems little reason to 
challenge his account. He pointed out that Morgagni 
and a Dr Ferriar of Manchester had both previously 
reported the concurrence of rheumatism and organic 
disease of the heart, but had considered that the 
association of the two diseases was merely acci- 
dental. Then “Dr David Pitcairn, about the year 
1788, began to remark that persons subject to rheu- 
matism were attacked more frequently than others 
with symptoms of an organic disease of the heart. 
Subsequent experience having confirmed the truth 
of this observation he concluded that these two 
diseases often depend on a common cause, and in 
such instances therefore called the disease rheu- 
matism of the heart. He communicated what he had 
Observed to several of his friends and to his pupils at 
St Bartholomew's Hospital, to which he was then 
physician; but no notice, I believe, was taken of his 
remark in any book before it appeared in the second 
edition of Dr Baillie's Morbid Anatomy, which was 
published in 1797." 

Wells pointed out that a Dr Odier of Geneva had 
subsequently mentioned the association without 
attribution in a book entitled Manuel de Médicine 
Pratique, published in 1803, as had Mr David Dun- 
das, a surgeon, in a paper published in the Trans- 
actions of the Medical and Surgical Society of London. 
Since Pitcairn had indicated that he had no desire 
himself to write up his cases, Wells had hoped to 
include the details of them with those of some cases 
of his own, however, “I neglected to obtain this 
while the opportunity existed, and I now lament my 
indiscretion.” As a result the series of 14 cases which 
Wells presented in 1810 and published in 1812 were 
all his own. The detail of his descriptions was such 
that there can now be no doubt that he was dealing 
with what has subsequently been called rheumatic 
heart disease. Wells must surely, therefore, continue 
to be regarded as the man who wrote the original 
definitive description, although, as he himself was 
most careful to point out, credit for the conceptual 
advance belonged entirely to Pitcairn. 


C R P George, 

Concord Hospital Renal Unit, 
Concord 2139, 

New South Wales, 

Australia. 
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This letter was shown to Dr Proudfit, who replies as 
follows: 


Sir, 

Credit for priority in science is usually based on the 
date of original publication or documented 
presentation at a meeting, although numerous 
abuses of this rule could be cited. I believe that this 
view is relevant to the association of rheumatic fever 
and valvar disease. No claim was made that Jenner 
was the first to make this association. Many books on 
“acute rheumatism” were published in the last third 
of the eighteenth century, especially MD theses in 
Edinburgh, and as I have not read these it is quite 
possible that the association was made before 1788. 

Doctor David Pitcairn, a distinguished and be- 
loved physician in London, was neither a medical 
writer nor a morbid anatomist. Credit for his 
relating rheumatism to heart disease rests with his 
friends Baillie and Wells. In the absence of know- 
ledge of his definitions of “rheumatism” and cardiac 
abnormalities (before the days of auscultation), it is 
difficult to be certain what correlation he was mak- 
ing. In July 1789 Jenner described a young woman 
with a history of “acute rheumatism” and he found 
heart disease at postmortem examination.’ Daniel 
Ludlow Jr reported a similar case to the same society 
a year later, also with necropsy findings. Jenner did 
not forget his aetiological hypothesis and in January 
1805 he wrote to Caleb H Parry requesting return of 
his manuscript because a neighbour had died of 
heart disease “. .. which followed two or three severe 
attacks of acute rheumatism. ”? 

This does not mean that Pitcairn had not arrived 
at a similar conclusion independently, but such a 
claim has not been documented. Fortunately, the 
fame of neither Jenner nor Pitcairn rests on 
conflicting claims. As in the case of many scientific 
discoveries, the observations may have been simul- 


396 


taneous and completely independent, and possibly 
not the first reported. 


William L Proudfit, 

'The Cleveland Clinic Foundation, 
9500 Euclid Avenue, 

Cleveland, 

Ohio 44106, 

USA. 


Notices - 


British Cardiac Society 


The Annual General Meeting for 1987 will take 
place in Dundee on 8 and 9 April 1987, and the clos- 
ing date for receipt of abstracts was 6 January 1987. 

The Autumn Meeting will be held at the 
Wembley Conference Centre, London, on 24 to 26 
~ November 1987, and the closing date for receipt of 
abstracts will be 10 July 1987. 


Blood vessel imaging 


A residential course/workshop on Blood Vessel 
Imaging Using Ultrasound Techniques will be held 
at the Dolphin Hotel, Southampton on 11 to 13 May 
1987. Details from: Mr K N Humphries, Blood 
Vessel Imaging Course, 5 Mossleigh Avenue, 
Rownhams, Southampton SO1 8FU. 
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Correction 


Echocardiographic measurement of the normal 
adult right ventricle R Foale, P. Nihoyannopoulos, 
W McKenna, A Kleinebenne, A Nadazdin, E Row- 
land, G Smith—The authors apologise for errors in 
their tables in this article published in the July issue 
(volume 56: pages 33—44). In tables 2, 3, 4, 5, and 6. 
] SD should be shown; and in table 5 the value of 
1 SD for absolute values (cm) in rows T8 and T10 is 
0.1. 
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publishers in the biological sciences through its outstanding 
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| Second Edition 


EPIDEMIOLOGY | 
FOR THE | 
UNINITIATED 


GEOFFREY ROSE, D J P BARKER 


Get a working 
knowledge of epidemiology 


No one would expect to understand a 
disease without knowledge of its clinical 
findings and pathology, but a surprising 
number of doctors remain ignorant of 


| another important aspect — the study of 
| disease in relation to populations. 


Epidemiology has its own techniques of 
data collection and interpretation and its 
necessary jargon of technical terms, and 
in Epidemiology for the Uninitiated 
Professors Geoffrey Rose and David 


| Barker guide the novice expertie 


through the theory and practical pitfalis. 
The second edition of this popular BMF 
handbook has been revised to include 
further details of epidemiological 
methods and some of their more 
dramatic applications, such as the 
investigations on the Spanish cooking oil 


| epidemic, and AIDS. 


Price: Inland £3.95; 

Abroad £5.50; USA $8.50 
BMA members; Inland £3.45; 
Abroad £5.00; USA $7.50 


(Please quote membership number) 
Prices include postage, by air abroad. 
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... they are nearly always 
subjective and usually 
wrong." A Stewart 
Truswell, Boden professor 
of human nutrition at the 


| University of Sydney, 

| separates fact from fallacy in 
| the ABC of Nutrition, a 

| collection of articles from 

| the BMJ. This illustrated 

| guide offers the general 

| medical reader a refreshingly 
down to earth review of all 

| aspects of nutrition — from 

| anorexia to obesity, infant 

! feeding to dietary guides for 
| the elderly — and will be 

| invaluable for any doctor 

| wishing to advise his patients 
| about their eating habits (or 

| even to revise his own). 


Chapters include: 
e Nutrition for pregnancy 


€ Enteral and parenteral nutrition 


è Vitamins 


e Malnutrition in the third world 


Price: Inland £4.95; Abroad £6.75/USA$10.0€ 
BMA members: Inland £4.45; Abroad £6.25/USA$9.00 


*Value judgements about food are being made all the time . . . 
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* Therapeutic diets 
* Reducing the risk of coronary heart 


€ Food sensitivity 
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Payments must be enclosed with order. 








British Heart Journal April 1987 





———— 


Simonsen & Weel care... - 
about Cardiology. | 


Monitoring for the Cardiologist | 

A full range of monitors is offered to suit | 

all known requirements, from the single 
channel ECG monitor — the Diascope 1, 

through the extensive Diascope 2 family 

to the sophisticated System 8000. 

To complement this range of bedside 

monitors Simonsen & Weel also offers a 

variety of Central Monitoring Systems — i 

System 8600 and System 8500. i 


































Resuscitation 

The Zoll Non-Invasive Temporary 
Pacemaker represents an ideal solution 
for "buying time" in those crucial 
moments after a cardiac incident. A range 
of Cardio-Aid defibrillators including the 
Defi 2 and the DMS family further 
demonstrate our commitment to offering 
solutions to resuscitation. 


Exercise Testing 

The comprehensive Quinton range of 
Stress Testing equipment covers all 
aspects of exercise testing from 
Treadmills and Ergometers to 
sophisticated computer assisted 
diagnostic systems. 

When it comes to Exercise Testing, 
Simonsen & Weel care . . . 


Simonsen & Weel Ltd. 
Ruxley Corner, Sidcup, Kent DA14 5BL 
Tel: 01-309 0433. Telex: 896328. 
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Auscultation and phonocardiography: a personal 


view of the past 40 years 


AUBREY LEATHAM 


From the London, National Heart, and St George’s Hospitals, London 


The establishment of the British Cardiac Society 
coincided with and fostered the golden era of clinical 
cardiology that had started in the United Kingdom 
with Sir James Mackenzie and his school and 
reached its peak with Paul Wood in the 1950s. Fac- 
tors known to me which influenced the spectacular 
advances in clinical diagnosis were the accuracy of 
postmortem examinations at the Bernhard Baron 
Institute of Pathology at the London Hospital under 
the direction of Professor Turnball (this was con- 
tnued by Reginald Hudson at the National Heart 
Hospital and later by Michael Davies at St George's 
Hospital); accurate diagnosis by cardiac radiology 
led by John Parkinson; and the haemodynamic 
findings of right heart catheterisation which had 
been introduced by Cournand in the United States 
and by Sharpey-Schafer, McMichael, and Wood in 
England. 

The first specialised cardiac department in a gen- 
eral hospital in England, and perhaps in the world, 
was started by Mackenzie at the London Hospital in 
1911. He was followed by John Parkinson (later 
knighted for his service to medicine) in 1920, who all 
his life successfully fought to advance cardiology as 
a specialty. In 1931, with the help of the local traders 
and a gift of £500 from Queen Mary, a new cardiac 
department was opened at the London Hospital. In 
it Parkinson installed an x ray screening unit and 
pioneered the development of cardiac radiology. In 
1947 one of his patients, William Sherbrook, left 
sufficient funds to start a new research fellowship 
and I was the first recipient. 

In 1946 I was resident medical officer at the 
National Heart Hospital. John Parkinson and Will- 
iam Evans had been the mainstay of the hospital 
during the second world war and when I arrived at 
the end of the war I found a new atmosphere of 
questioning research which I had not encountered 
before. For example, I was perplexed by the vari- 
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ations in the clinical significance of hypertension and 
wondered whether examination of the fundi would 
help.I was immediately encouraged to start a survey 
of the clinical value of the retinal vessels in the 
assessment of hypertension and I spent many hours 
in the dark in Parkinson’s screening room examining 
the fundi of his patients whom I was not allowed to 
examine in daylight lest the findings should bias my 
observations. 

Auscultation and phonocardiography started for 
me with the gardener at the country branch of the 
hospital who while tending his plants was noticeably 
short of breath. When I examined him J found very 
abnormal heart sounds which I could not interpret. 
An earphone harnessed to the hospital string gal- 
vanometer electrocardiograph produced puzzling 
and large low frequency vibrations not at all resem- 
bling auscultation. A chest radiograph showed that 
he had an enormous heart; he died six months later 
and at necropsy proved to have Lutembacher’s syn- 
drome. 

In 1947 as a specialist physician in the Army my 
main commitment was as mess secretary and I was 
therefore overjoyed to receive an offer from Parkin- 
son and Evans to be the first Sherbrook Research 
Fellow at the London Hospital—I was informed 
that early release from the Army was available for 
research work (and coal mining). Wiliam Evans 
(fig 1) had made a start on recording heart sounds 
and murmurs using an old Cambridge double string 
galvanometer. His recordings were dominated by 
huge low frequency oscillations bearing no relation 
to the auscultatory findings (fig 2). 

Rappaport and Sprague had shown in 1941 that 
considerable filtration of the low frequencies was 
required for the results of the phonocardiogram to 
resemble auscultation. This seemed to be the first 
step if the graphic recordings were to clarify and 
improve auscultation, which at that time was largely 
discarded as a scientific diagnostic method, an 
important reason being that Sir Thomas Lewis had 
little time for it. He had stated that the murmur of 
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Do I hear more than two sounds? 


Figl William Evans at work. A caricature which 
appeared in The London Hospital Gazette during the heavy 
bombing of London in 1941. 


mitral stenosis must be recognised by memorising 
its characteristics like the bark of a dog, and he and 
all the other senior physicians completely dis- 
regarded systolic murmurs. I was impressed by the 
American physiologist Wiggers who had demon- 
strated asynchrony between left and right ventricu- 
lar pressure pulses and by Wolferth and Margolies 
who in 1935 had identified the two components of 
the second heart sound in bundle branch block by 
using a simultaneous carotid pulse, and had thereby 
reversed the electrocardiographic interpretation of 
the bundle affected. Dock had popularised the 
hypothesis that the opening and closing of valves 
was the major cause of heart sounds. It seemed to me 
that filtration of the low frequencies as described by 
Rappaport and Sprague would not only have the 
clinical advantage of producing results resembling 
auscultation, but should also show high frequency 
transients synchronising with valve movement (if 
this were the cause of the sounds) and would make 
identification of the components of sounds relatively 
easy. Fortunately, I was not aware that I would have 
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Fig2  Phonocardiography without filters as practised by 
William Evans in the early 19405. 
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to wait for thirty years for echocardiography to 
prove this correct. 

Doctor Bernstein in the Physiology Department 
of the London Hospital made for us amplifiers with 
suitable filters, and Malcolm Towers and I started 
work on the second heart sound, because we could 
hear inspiratory splitting, just as described by 
Potain in 1866, and this seemed to be the first step in 
establishing that there was asynchronous con- 
traction and relaxation of the two sides of the heart. 
I later realised that a study of the second heart sound 
was a particularly appropriate first step because 
James Hope, cardiologist to St George's Hospital, 
had been the first to show that the second heart 
sound was related to closure of the aortic and 
pulmonary valves. Using the double string 
galvanometer we made simultaneous phono- 
cardiograms from the pulmonary area and mitral 
area together with an electrocardiogram or a record- 
ing of the carotid pulse. The first component of the 
second sound was the major one; it timed with the 
dicrotic notch of the carotid pulse, and was the sole 
component at the apex. The second component was 
confined to the pulmonary area and nearby (fig 3), 
and its delay during inspiration was the major cause 
of physiological splitting of the second sound. The 
weakness of our recording system was the tendency 





Fig3 Simultaneous phonocardiograms from the pulmonary 
area ( PA) and mitral area ( MA) showing that the later 
component of the second sound was confined to the pulmonary 
area. Filters were used to cut out the low frequencies and 
transmit the high frequencies so that the vibrations recorded 
resembled the results of auscultation through a rigid 
diaphragm chest piece (high frequency phonocardiogram 
(HF } j, or through a bell (medium frequency 
phonocardiegram ( MF jj). 


Auscultation and phonocardiography: a personal view of the past 40 years 


for one string of our double string galvanometer to 
wrap itself around the other whenever we made a big 
deflection; this meant numerous trips to Cambridge 
in a 1934 baby Austin to visit an old technician who 
alone was able to unwrap the strings. 

Elsewhere in Europe, and particularly in Sweden 
and Germany, the Mannheimer system with one 
microphone and multiple simultaneous channels 
each with a different frequency range was being 
developed, but nothing important was discovered 
with this technique (fig 4). Luisada in Chicago was 
using low frequency phonocardiograms (fig 5), bear- 
ing no relation to auscultation, and multiple timing 
channels with variable delays. 

At the London Hospital cardiac radiology under 
Parkinson was making big advances. Each out- 
patient had to wait until the end of the afternoon for 
the x ray screening session and Parkinson's time in 
the dark room would probably last for about an hour 
with discerning and entertaining comment on 
almost every patient. With the help of the radio- 
logical findings described by Parkinson, Papp, and 
Bedford in 1939 in an early issue of the British Heart 
Journal it was now possible to diagnose atrial septal 
defect. Barber, Magidson, and Wood had described 
the signs and we were looking at the peculiar second 
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Fig5 One of Luisada's fine drawings of a single loz 
frequency phonocardiogram with no accurate timing channel. 





Fig4 Multiple recording with varying filtration taken from a single microphone as developed by Mannheimer. 
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heart sound. It was Bill Dicks, our technician and 
collaborator at the London Hospital who said 
triumphantly one day, looking at the moving shadow 
of the string rather than at the finished graph, that 
the "split was fixed". Measurements proved him 
right, showing that both A; and P; were delayed 
nearly equally on inspiration. The description of 
reversed splitting of the second sound in left bundle 
branch block was an easy step from knowledge of 
physiological splitting. The discoveries that the 
delay of P; gave an exact estimate of severity of pul- 
monary stenosis and that the Eisenmenger ventricu- 
lar septal defect and single ventricle gave a single 
sound had to wait for the stimulation of Paul Wood 
at the National Heart Hospital. 

At the London Hospital the influence of Mack- 
enzie, and now Parkinson, had resulted in systolic 
murmurs being almost ignored and certainly being 
regarded as unimportant. This was an overreaction 
to the diagnostic abuse and unnecessary cardiac 
invalidism (one of William Evans’s famous phrases) 
that in earlier years had been prompted by the pres- 
ence of a systolic murmur. Parkinson’s reaction to a 
systolic murmur is demonstrated by the case notes 
(fig 6) of a patient with a systolic murmur (fig 7). 
(Indeed William Evans said of mitral incompetence 
that it was a description of the physician who diag- 
nosed it; one wonders what he would say of mitral 
valve prolapse.) Thirty years later the patient with 
the systolic murmur died of coronary disease and 
proved to have mild rheumatic mitral regurgitation. 
It was soon clear from our high frequency pho- 
nocardiograms that the systolic murmur of aortic 
stenosis finished before the aortic component of the 
second heart sound, as indeed it had to, bearing in 
mind the cessation of forward flow before closure of 
the valve, and it seemed logical to describe these and 
similar murmurs as ejection murmurs. On the other 
hand, with mitral regurgitation the systolic murmur 
always reached A» and it was termed pansystolic, 
though sometimes it was almost confined or was 
confined to late systole. In this way apical systolic 
murmurs could be separated into left ventricular 
outflow ejection murmurs and mitral regurgitant 
murmurs; this was an important step forward in try- 
ing to produce order in a confused subject. With 
Wallace Brigden and the help of the Bernhard Baron 
Institute of Pathology we attempted an account of 
the course of mitral regurgitation. In ten necropsies 
of patients with severe mitral regurgitation there was 
only one with definite evidence of rheumatic valvu- 
litis and in most of the others there was parachuting 
from an unknown cause, which we now appreciate 
was due to a floppy valve. From this background we 
could easily see in later years that Barlow's syn- 
drome and mitral valve prolapse and the threat of 
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sudden death would prove to be a fiasco in all but the 
most exceptional cases. 

I moved in 1951 to the National Heart Hospital 
where Paul Wood was Director of the Institute of 
Cardiology. The chief technician John Norman 
found for me another 1918 Cambridge table model 
string electrocardiograph on which we mounted a 
second string and two mirror galvanometers with 
the aid of the Cambridge Instrument Company 
(fig 8). Each of the four galvanometers had a separate 
light source and these four sources had to be 
matched up to obtain an evenly illuminated record- 
ing; this was particularly difficult because the colour 
of the light sources varied. The falling plate camera 
used film, which was far superior to the usual 
recording paper because of its bigger density range. 
The length of the recording was limited to 15cm, 
but the speed of fall of the plate could be varied 
infinitely to suit the requirements of the particular 
recording, and this system was ideal for composing a 
suitable length of recording to fit a page of the Brit- 





Fig6 Case notes of a patient seen by Parkinson in 1947, 
The only abnormal physical sign was an apical systolic 
murmur and it was inferred that he must have mitral stenosis 
/ MS). Later, with some trepidation, I added MI (mitral 
incompetence j. 
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Fig7  Phonocardiogram of same patient in 1952 showing a pansystolic murmur and third sound. 


ish Heart Journal. The quality of the sound record- 
ings made with this apparatus has never been sur- 
passed (fig9); it cannot even be equalled with 
modern apparatus. 

The final and most difficult problem was 
identification of the components of the first heart 
sound and their separation from the early systolic 
ejection sounds. Right from the beginning of our 
recordings of the high frequency components of the 
first sound at the London Hospital it was clear that 
there were two components and, bearing in mind the 
precedence of left ventricular contraction over right, 
it seemed reasonable to guess that the first com- 
ponent arose from mitral valve closure and the sec- 
ond from tricuspid. Furthermore, the first com- 
ponent was by far the larger and was maximal at the 
apex, as befitting mitral closure, while the second 
was too late for mitral closure in relation to the car- 
otid upstroke and was maximal at the lower left ster- 
nal edge over the tricuspid valve. Working with 
Edgar Haber, who was nearly as good at auscultation 
as at immunoassay, we had support for this concept 
by finding further delay in the second component 
with right bundle branch block, left ventricular 
ectopic complexes, and pacing with the electrode 


attached to the left ventricle. Opposition came from 
Luisada and his group in Chicago who could not 
record tricuspid closure with intracardiac pho 

nocardiograms; also destruction of the right ventri 

cle in dogs failed to alter the first sound which they 
thought came entirely from the left side of the heart 

When they found that the pressure crossovers of the 
ventricles and atria occurred before the sound, they 
deduced that valve closure was noiseless. They were 
seemingly unaware of the lag between a pressure 
crossover and final halt of the valve. Even the 
Pittsburg group led by Shaver with superb sound 
pressure correlates denied a tricuspid origin to the 
second component of the first sound and attributed 
this sound to aortic ejection (“root sound”), even 
though the ejection sound in aortic stenosis was later 
and related to aortic valve opening. 

We had to await echocardiography to obtain the 
exact timing of valve movement, but in the early 
days it was difficult to obtain reflection from the nor 
mal tricuspid valve and so we chose patients with 
Ebstein’s anomaly and a large anterior leaflet of the 
tricuspid valve. The loud late component of the first 
sound, which we had assumed to be tricuspid clo 
sure delayed by the almost invariable right bundle 
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Fig8 The phonocardiograph used at the National Heart 
Hospital from 1952 onwards 


branch block, was shown to coincide exactly with 
the final halt of the tricuspid valve on Dr Pridie’s 
pioneering apparatus. Subsequently, with apparatus 
improved by Graham Leech, and simultaneously 
with Ernest Craige of Chapel Hill (and St George’s 
Hospital), it was demonstrated that splitting of the 
first sound, as heard in most normal subjects by 
means of a rigid-diaphragm chest piece at the lower 
left sternal edge, was indeed due to mitral closure 
followed by tricuspid closure. There was synchrony 
between the final halt of the closing movement of the 
leaflets on the echocardiogram and the first com- 
ponent of the first heart sound and that of the closing 
tricuspid valve and the second component. This led 
to work with Nicholas Brooks and Mark Dancy on 
bundle branch block; it was confirmed that tricuspid 
closure was late in patients with isolated right bun- 
dle branch block; however, in patients with right 
bundle branch block and symptoms from gener- 
alised conducting tissue disease closure of the tri- 
cuspid valve was not delayed, indicating that the 
block was peripheral and occurred at arborisation 
level. This accorded with the site of histological 
change that was demonstrated by Michael Davies. 
The mechanism causing variation in intensity of 
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the first heart sound has been of interest for many 
years, and the relation to the PR interval was empha- 
sised by Sam Levine of Boston, who during these 
times had done so much to stimulate clinical cardiol- 
ogy. I remember his discussing the mysteries of the 
first heart sound at the foot of the Mona Lisa in the 
Louvre during an early World Congress of Cardiol- 
ogy in Paris. Many years later, the advent of echo- 
cardiography showed conclusively that atrial con- 
traction not only opened the atrioventricular valves, 
but also closed them (provided that the PR interval 
was long enough). Under these circumstances the 
first sound was soft. When the PR interval was short 
the valve was wide open at the onset of ventricular 
contraction and the first sound was loud. These 
observations were demonstrated clearly by Ernest 
Craige, but why should the distance of travel of this 
flimsy structure influence the intensity of sound pro- 
duced by its final closure? From early days of pho- 
nocardiography it had been appreciated that the first 
sound was late as well as loud in mitral stenosis. It 
seemed to Brooks and I, and no doubt to many oth- 
ers, that lateness in mitral stenosis would put valve 
closure on a steeper part of the left ventricular pres- 
sure pulse so that the velocity of closure would be 
increased. We found with high speed echo- 
phonocardiography that the same principle applied 
to normal subjects. With a short PR interval the 
mitral valve, wide open at the moment of con- 
traction, was late in reaching its final halting point 
and this coincided with a loud first sound. With a 
long PR interval the valve was nearly closed at the 
moment of ventricular contraction and its final 
movement and halt occurred at the beginning of 
ventricular contraction and coincided with a soft 
first sound. 

Finally, a few words about early systolic sounds 
which Vogelpoel and I termed ejection sounds, 
despite the superb French expression “‘claguement 
protosystolique". Although the early ejection sound 
in pulmonary valve stenosis and the later ejection 
sound in pulmonary root dilatation from pulmonary 
hypertension with its prolonged ventricular iso- 
volumic time had been useful in diagnosis, there was 
great debate about aortic ejection sounds. In the 
early days before the advent of echocardiography we 
were puzzled by the lateness of the aortic ejection 
sound which occurred during the upstroke of the 
aortic pressure pulse and not earlier when the 
valve opened. We had already used cine- 
angiocardiography to examine the mitral valve and 
had showed that its final halt coincided with the loud 
first heart sound of mitral stenosis and we were con- 
templating a similar technique for the aortic valve 
when Richard Ross and O’Neil Humphries (ex- 
fellow from St George’s) gave us the answer from 
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Fig9 Tracings taken with the National Heart Hospital phonocardiograph showing the value of 
simultaneous recordings from different areas in a patient with mitral stenosis. In the expiratory phase of 
respiration the snap ( S) might have been P3. In inspiration, however, the sequence of A>, a loud P; 
(maximal in the pulmonary area), and a soft opening snap can be easily recognised. High frequency (HF 
recordings from the pulmonary area (PA) and lower left sternal edge (LSE) and a medium frequency 
recording from the mitral area ( MF) to show the mitral diastolic murmur (MDM). Nowadays, 
identification of sounds would have been achieved, perhaps more scientifically but not more clearly, by 


echophonocardiography. 


the Johns Hopkins Hospital. The sound coincided 
with the final halt of the upwardly moving valve 
visualised on the cineaortogram, a point now much 
more easily confirmed by echocardiography. Thus 
an aortic ejection sound is produced by movement of 
an abnormal valve, presumably one with abnormal 
prominence in systole so that it is carried rapidly 
upward by ejection, and the sound disappears if the 
valve is immobilised, particularly by calcium depo- 
sition. Aortic root dilatation by itself does not seem 
to produce a sound and the aortic “root sound" 
described by Shaver coincides with closure of the 
tricuspid valve on our high speed echocardiograms. 
Thus there seems to be no aortic parallel to the pul- 
monary root sound occurring with pulmonary artery 
dilatation (though we still do not know the mech- 
anism of the ejection sound with the big aortic root 
of pulmonary atresia) In aortic regurgitation an 
ejection sound indicates an abnormal valve (most 
commonly bicuspid) rather than primary root 
dilatation which appears to be the commonest cause 
of aortic regurgitation in the United Kingdom. Rec- 


ognition of aortic ejection sounds has also been of 
great value in studying the course of the bicuspid 
aortic valve and calcific aortic stenosis. A long follow 
up with Peter Mills of patients with isolated aortic 
ejection sounds has shown a bicuspid valve as the 
cause of the sound and in some patients we found 
that calcification and stenosis developed. We still do 
not know how often calcification develops and 
whether it can be prevented. 

The evolution of ideas on the origins of heart 
sounds and murmurs is a striking example of the 
value of clinical research conducted over a long 
period of time. In this particular field at least, 
clinical research has yielded more information than 
isolated experiments in the laboratory. 


I am grateful to Churchill Livingstone for permis 
sion to reproduce figs 3, 8, and 9a from Auscultation 
of the Heart and Phonocardiography by A Leatham, 
1975. 
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Magnetic resonance velocity mapping: clinical 
application of a new technique 
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From the National Heart and Chest Hospitals, London 


SUMMARY Magnetic resonance velocity mapping is a new technique which provides a display of 
velocity within the cardiovascular system at any point of the cardiac cycle. A short field echo 
sequence with even echo rephasing is used to obtain a signal from rapidly moving blood and a cine 
display is provided by rapid repetition of the sequence. The amplitude image shows the anatomy, 
with blood giving a high signal and areas of turbulent flow no signal. The phase image is a map 
of velocities at each point in the image plane. Thirteen cases are described in which the technique 
either provided a diagnosis or helped in functional assessment. Flow through atrial and ventricu- 
lar septal defects was seen, although turbulent flow distal to the ventricular shunts led to some 
loss of quantitative information. In three patients with valve disease jets of abnormal flow were 
seen because of signal loss and it is suggested that the size of the area of turbulence may be used 
to quantify the severity of regurgitation. Velocities were measured in four coronary artery bypass 
grafts in two patients, and low velocity was seen in a graft with distal disease that supplied the 
infarcted territory. Velocity was reduced distal to an aortic coarctation and it was increased at the 
site of narrowing caused by thrombosis in a deep vein. The speed and direction of flow in the 
central vessels in a patient with complex congenital heart disease helped to establish the anatomy. 


The technique provides useful information in a wide range of disorders of the cardiovascular 
system, and in some cases may avoid the need for invasive investigation. 


Magnetic resonance imaging of the heart provides 
excellent anatomical detail because conventional 
sequences show a high contrast between flowing 
blood and other structures.! ? A wide variety of 
abnormalities can be studied including congenital 
disease," 5 myocardial disease," ? and disease of 
the pericardium!? !! and great vessels.!? ^ !^ Cardiac 
function may also be studied by measuring chamber 
volumes at end diastole and end systole, and left and 
right ventricular stroke volumes, ejection fractions, 
and output can be calculated from these volumes.'* 
'These measurements are valuable in the assessment 
of valvar regurgitation!® and atrial shunting,! but 
velocity mapping provides additional information 
which is useful in a wider range of conditions. 


Requests for reprints to Dr SR Underwood, Magnetic Resonance 
Unit, The Nauonal Heart and Chest Hospitals, 30 Britten Street, 
London SW3 6NN. 
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Moran et al first proposed encoding velocity in the 
phase of the magnetic resonance signal!? and several 
groups subsequently acted on this suggestion.!?" ?? 
The velocity map arises from a display of phase at 
each point in the image instead of the conventional 
display of amplitude, but a sequence that maintains 
the signal from flowing blood must be used. We have 
previously described a short field echo sequence 
with even echo rephasing which is suitable?* and by 
comparing aortic flow measured from aortic velocity 
with that measured by left ventricular stroke volume 
we have shown the new method to be accurate in 
vivo.24 Refinements of the technique include cine 
acquisition to provide information at all parts of the 
cardiac cycle and superimposition of colour coded 
velocities upon the conventional anatomical image to 
give an easily interpretable display of anatomy and 
flow.25 Acceleration, may also be measured, and 
although this has important potential applications its 
clinical value is not yet established. 
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This paper is the first report of the clinical appli- 
cation of magnetic resonance velocity mapping. 
Thirteen patients are described in whom the tech- 
nique was valuable either in establishing the initial 
diagnosis or in assessing the functional importance 
of the diagnosis. 


Patients and methods 


We used a Picker International Vista MR2055 mag- 
netic resonance scanner operating at 0:5 T. For the 
anatomical images, electrocardiographic gating was 
used with two repetitions of 128 spin echo sequences 
(echo time 24 ms). The slice thickness was 10mm 
and the images were displayed on a 256 x 256 
matrix with a pixel size of 1-17 x 1-17 mm. The 
acquisition time was between three and four minutes 
depending upon heart rate, but two images were 
usually acquired synchronously (end diastole at one 
level with end systole at another). 

Velocity mapping was performed using a field 
echo sequence with even echo rephasing (echo time 
21 ms) and with gradient modifications to encode 
velocity in any of three orthogonal directions, either 
in the plane of the image or perpendicular to it. The 
slice thickness and resolution were the same as for 
the spin echo sequence. The sequence was repeated 
up to a maximum of 12 times per cardiac cycle with 
a reduced excitation pulse angle^^ in order to 
acquire information throughout the cycle. Mag- 
nitude reconstruction provided an anatomical image 
with high signal from blood (in contrast with the 
low signal obtained with conventional spin echo 
sequences), and phase reconstruction provided a 
map of velocity in the chosen direction after the 
phase map without velocity encoding had been sub- 
tracted to compensate for phase changes introduced 
by field inhomogeneity. To eliminate random phase 
values from background noise the velocity image 
was masked to show zero velocity in pixels with 
< 10°% of maximum magnitude. 
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Figl (a) Transverse magnetic resonance image at 
mid-atrial level showing an ostium secundum atrial septal 
defect (ASD). The right atrium is dilated and right and left 
ventricular stroke volumes gave a pulmonary to systemic fii 
ratio of 2:1. (b) Mid-systolic velocity map of the same 
section coded from posterior to anterior. Zero velocity is 
shown in mid-grey, velocities from posterior to anterior in 
shades of light grey, and those from anterior to posterior in 
shades of dark grey. There is flow from left atrium to right 
atrium through the defect (light grey) as well as flow in the 
aortic root (white), pulmonary artery (black 
pulmonary veins. 
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Table 1 Magnetic resonance findings in five patients with intracardiac septal defects 
Patient Age Abnormality Findings 
F 47 Secundum ASD Left to right flow through defect. No turbulent flow 

2 F 17 Primum ASD with Dacron patch. Mild aortic coarctation No flow through atrial septum. No turbulence with 
atria 

3 F 17 Pulmonary atresia with homograft conduit. Subaortic VSD Dacron patch invisible. Left to right flow througt 

with Dacron patch but detached sutures VSD with downstream turbulence 

4 M 46 Separate VSDs from LV to RV and LV to RA Separate jets with downstream rurbulence, the larger 
jet from LV to RA 

5 M 15 Pulmonary atresia with pericardial conduit to hypoplastic RV to LV flow through VSD. No turbulence 


PAs and systemic collaterals, Subaortic VSD 





ASD, atrial septal defect; VSD, ventricular septal defect; LV, left ventricle; RV, right ventricle; RA, right atrium; PA, pulmonary 


artery 
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Fig2 (a) Transverse magnetic resonance image showing an ostium primum ctrial septal defect that had been closed by a 
Dacron patch (not seen). ( b) Velocity map encoded from posterior to anterior showing very low velocities in all chambers 
mid-grey ) and no flow between the atria in the region of the patch. 


Results (table 1). Patient 1 was initially thought to have 
either an atrial septal defect or pulmonary stenosis. 
SEPTAL DEFECTS Echocardiography was not able to demonstrate the 


Five patients with septal defects were studied atrial septum adequately but radionuclide angio- 


Fig3 (a) Transverse spin echo image showing a 
ventricular septal defect that had been closed by a Dacron 
patch. ( b) Field echo image showing high signal (white) from 
the blood but loss of signal (black) in the right ventricle 
caused by turbulent flow through the defect. (c) Velocity map 
encoded from posterior to anterior showing flow through the 
defect ( whire ) 
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cardiography showed a left to right shunt with a 
pulmonary to systemic flow ratio of 2:3 and a left 
ventricular ejection fraction of 0-61. Magnetic reso- 
nance imaging showed an ostium secundum atrial 
septal defect and a dilated right heart (fig la) and 
from stroke volume measurements the pulmonary to 
systemic flow ratio was calculated to be 2-1. Figure 
lb shows a mid-systolic phase map with velocity 
encoded from posterior to anterior. Flow velocities 
are seen on both sides of the defect passing from left 
atrium to right atrium, and the maximum velocity 
was 427 mm/s in early systole. 

Patient 2 also had an atrial septum defect; this had 
been closed with a Dacron patch. Figure 2 shows the 
defect in transverse section and because Dacron 
gives no magnetic resonance signal the patch is 
invisible. The velocity map, however, shows no flow 
between the atria, so the patch can be assumed to be 
intact. 

In contrast, patient 3 had a Dacron patch to a ven- 
tricular septal defect but the patch had become par- 
tially detached. There is an area of loss of signal in 


Fig4 Transverse magnetic resonance imag 
10 mm showing (a 
connecting left ventricle to right ventricle a 
membranous septum connecting left 
The right atrium is dilated and there is right and lef 
ventricular hypertrophy, (c) Field echo image at 
between that in (a) and (b). There is a large area 
signal in the right atrium and a smaller area in the righ 
ventricle caused by turbulent flow distal to th 


a defect of the muscular septum 
nd (0 | I 


ventricle to right atr " 





the amplitude image of the field echo sequence 
caused by turbulent flow (fig 3). This indicates th« 
presence of a left to right shunt through the defect 
and although quantitative velocity information 
lost in this region the size of the area of turbulenc: 
considerable. 

Patient 5 had separate defects between left and 
right ventricles and between left ventricle and right 
atrium (fig 4). The magnitude field echo image dur 
ing systole showed a large area of loss of signal in th« 
right atrium and a smaller area in the right ventricle 
implying that a greater part of the left to right shunt 
ing was from left ventricle to right atrium 
confirmed by cardiac catheterisation 


This was 


VALVAR HEART DISEASE 

Three patients with valvar disease wert 
(table 2). All three had areas of signal loss in the field 
echo amplitude images which led to loss of accurate 
velocity measurements, but because these areas cor 

responded to jets of abnormal flow useful informa 

tion was still obtained. Figure 5 shows a patient witl 


studied 
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Table2 Magnetic resonance findings in three patients with valve disease 

EL 

Patient Age Abnormality Findmgs 

6 F 57 Aortic stenosis (120 mm Hg gradient) and regurgitation Thicxened valve doming in systole. Systolic 

(trivial) turbulence in ascending aorta and small turbulent 

jet of regurgitation in diastole 

7 F 39 Takayasu's arteritis. Severe aortic regurgitation "Thickened aortic wall. Large turbulent jet of 
regurgitation in diastole and minor peripheral 
turbulence in ascending aorta in systole 

8 M 70 Prolapsing mitral valve, atrial fibrillation Large area of turbulence in left atrium during systole 


arising from mitral valve 





trivial aortic regurgitation and another with severe 
aortic regurgitation; the severity of regurgitation can 
be assessed from the area of signal loss in the regur- 
gitant jet. In patient 6 turbulence distal to the ste- 
notic valve led to loss of signal in the whole 
ascending aorta during systole and although there 
was some signal loss in patient 7 it was much less 





Fig5 (a) Diastolic coronal field echo image through the 
aortic valve in patient 6 with severe aortic stenosis and trivial 
regurgitation. The thickened valve appears as a black line 
and the regurgitation is seen as a small turbulent jet leading 
to loss of signal. (b) Equivalent image in patient 7 with severe 
regurgitation. The turbulent regurgitant jet is much larger. 


pronounced. Patient 8 had a floppy mitral valve and 
severe mitral regurgitation with atrial fibrillation, 
but despite the irregular rhythm the images were of 
sufficient quality to show a large area of turbulence 
in the left atrium from the mitral valve during sys- 
tole, 


Descending aorta 


" L| [ ' 
Ascending aorta | 


"i Descending aorta 








Fig6 (a) Transverse image through the aortic arch in 
mid-systole showing a coarctation. Signal from blood distal ta 
the narrowing suggests slow flow. The right internal 
mammary artery ts dilated. (b) Velocity mapping at a more 
caudal level showed peak velocities to be 406 mm/s in the 
ascending aorta (black) and 103 mm/s in the descending 
aorta (light grey). 
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Fig 7 (a) Transverse image through the mid-pelvis using 
the field echo sequence. There is high signal from the external 
iliac arteries (EIA) and veins ( EIV ) , and the left external 
iliac vein is partially occluded. (b) Velocity map 
perpendicular to the plane. High velocities in the iliac 
arteries are shown in white (peak velocity left 260 mmis, 
right 252 mmis) , and low velocities in the right external iliac 
vein in dark grey (peak velocity 58 mm/s). Rapid flow in the 
left external iliac vein at the level of the partial obstruction is 
seen in black ( peak velocity 213 mm/s). Velocities in the 
internal iliac arteries are also seen posteriorly. 


AORTIC COARCTATION 

A 50 year old man with hypertension and a Björk- 
Shiley mitral valve was thought clinically to have 
aortic coarctation but aortography failed to produce 
diagnostic images. Magnetic resonance imaging 
showed a tight constriction of the aortic arch at the 
level of the left carotid orifice and the right internal 
mammary artery was dilated (fig 6). The signal from 
blood distal to the constriction suggested slow mov- 
ing blood, and velocity mapping showed a peak 
velocity of 406 mm/s in the ascending aorta (normal 
range 370 to 690 mm/s?* but only 103 mm/s in the 
descending aorta (normal range 283 to 711 mm/s.** 


‘ "T" 


fo 
PRCA graft’. 





Fig8 (a) Transverse image through the aortic root 
showing coronary artery bypass grafts to the right ( R( 
and left anterior descending ( LAD arteri 

arrowed), The anterior descending graft passes ob 
through the plane of the image. The absence of signa 
grafts suggests that they are patent. There is an artefact 
the region of the sternum caused by a wire suture 

b) Mid-diastolic velocity map encoded through the plar 
the image, with caudal velocities shown in white. Mean 
velocity in the left anterior descending graft is high 
( 316 mmis), but in the right coronary graft it is lou 

20 mmis 


coronary 








This low velocity confirmed the 
importance of the stenosis. 


functional 


VENOUS THROMBOSIS 

A 52 year old man with thromboangiitis obliterar 
(Buerger’s disease) and a right below knee amputa 
tion developed a left sided deep venous thrombos 
which was confirmed by venography. The sigi 
resolved completely, and magnetic resonance imag 
ing after recovery showed an irregular but patent left 
external iliac vein (fig 7). Velocity mapping showed 
high systolic velocities in the external and inter 
iliac arteries, and low velocities in the right externa 
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iliac vein. In the left external iliac vein at the level of 
the partial obstruction, velocity was high confirming 
that the narrowing was important. 


CORONARY ARTERY BYPASS GRAFTS 

The ability to measure velocities and hence flow 
within coronary artery bypass grafts is expected to 
be important in assessing function of the grafts. In 
one patient with grafts to the left anterior 
descending and circumflex territories, peak mid- 
diastolic velocities were 118mm/s and 141 mm/s 
respectively. Both velocities are compatible with 
good flow?" and accorded with findings at xray 
arteriography. 

In another patient, one graft was to the right coro- 
nary artery which was a small vessel with distal dis- 
ease supplying previously infarcted territory, and 
the other graft was to a large anterior descending 
coronary artery. Both grafts had a signal void in the 
conventional spin echo images implying that they 
were patent (fig 8), but peak velocity was 316 mm/s 
in the left anterior descending graft and only 
20 mm/s in the right graft. 


CONGENITAL HEART DISEASE 

A 15 year old girl had left isomerism with a common 
atrium, a ductus arteriosus, and pulmonary hyper- 
tension. She was reinvestigated because she had a 
pulmonary embolus shortly after appendicectomy 
and although ultrasound showed absence of the infe- 
rior vena cava, alternative venous drainage was not 
identified. Magnetic resonance imaging confirmed 
the cardiac anatomy and showed that the hepatic 
veins drained directly into the right atrium. A large 
left sided azygos vein was identified draining to a left 
sided superior vena cava and thence to a dilated 
coronary sinus. In the conventional images it was 
difficult to distinguish between the azygos vein and 
the descending aorta, but velocity mapping showed 
rapid caudal flow in the aorta (peak velocity 
640 mm/s) and slower cranial flow in the vein (peak 
velocity 150 mm/s). 


Discussion 


Magnetic resonance was first used to measure blood 
flow in 1959 by Singer in the mouse tail.?* Since 
then many different methods have been developed, 
but this technique is the first to have proved suitable 
for routine use. Methods based on time of flight 
between two planes produce semiquantitative mea- 
surements in blood vessels”? but they are not appli- 
cable in the heart, and those based upon flow of 
blood into a magnetically saturated plane?? are also 
difficult to quantify. Methods that use phase changes 
induced by motion along a field gradient have 
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proved to be the most versatile within the cardio- 
vascular system, but previous reports have been of 
the qualitative detection of flow only.?! The ability 
to measure velocities within the cardiovascular sys- 
tem is likely to be useful in various situations and the 
cases we present have been chosen to illustrate this. 


INTRACARDIAC APPLICATIONS 

We have described the findings in five patients with 
septal defects. Conventional magnetic resonance 
imaging is sensitive in the detection of both atrial 
and ventricular defects?? ?? and although the left 
and right ventricular stroke volumes provide a mea- 
sure of interatrial shunting, they are not helpful for 
the quantification of ventricular shunts, complex 
defects, or those associated with valvar regurgit- 
ation. Another limitation of conventional imaging is 
that the atrial septum is very thin in the region of the 
foramen secundum so that an apparent defect may 
be misleading and specificity is poor.?* Oblique 
images and cine acquisition are helpful? ?* but the 
detection of flow across a defect must be highly 
specific and velocity mapping is a useful addition to 
conventional imaging. 

In some cases velocity measurements are compli- 
cated by the loss of the magnetic resonance signal. 
Absent signal from moving blood is beneficial in 
conventional imaging, but in velocity mapping it is 
important to avoid signal loss since velocity is 
encoded in the phase of the signal. The field echo 
sequence with even echo rephasing achieves this 
despite rapid movement of blood, but signal can be 
lost in the presence of turbulence and the ability to 
measure velocity is then lost. Despite this, the size of 
the area of signal loss may be helpful in assessing 
shunts and regurgitation,?" although other factors 
such as the size and nature of the orifice and the 
pressure difference across it will also affect the 
degree of turbulence. 

The loss of signal has several causes and there is 
not necessarily an exact correspondence between 
signal loss and turbulence. The main reason for this 
is the presence of different values of higher order 
terms of motion (such as acceleration) within a sin- 
gle pixel. This always occurs in turbulent flow and 
although it does not usually occur in the normal 
heart, it sometimes leads to signal loss during early 
diastolic filling through the mitral valve and around 
the periphery of the aortic root during systole. 

The detection of turbulence is used in Doppler 
echocardiography where the severity of valvar 
regurgitation is assessed from the depth of pene- 
tration of the regurgitant jet into the upstream 
chamber.?? Doppler ultrasound can also produce 
velocity maps?^ and it has some advantages over 
magnetic resonance: real time imaging is possible 
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and turbulent flow does not lead to loss of informa- 
tion (although it may complicate interpretation). 
Important disadvantages are that it is less accu- 
rate,*° high and low velocities are difficult to mea- 
sure,*! and access to the heart is limited, particularly 
for large posterior vessels. 


VASCULAR APPLICATIONS 

The cases of coarctation and venous thrombosis 
illustrate the potential applications of velocity map- 
ping in the assessment of vascular disease. A velocity 
profile through a stenosis provides a measure of its 
functional importance and the pressure gradient 
across the stenosis can be estimated.*?*? Con- 
ventional magnetic resonance imaging has already 
been used to assess peripheral vascular disease** *5 
but velocity and acceleration mapping will provide 
important additional information since it 1s the effect 
of disease upon perfusion that determines prognosis. 
Coronary artery bypass grafts have also been studied 
before but without velocity measurements, and a 
comparison between velocity mapping and other 
measurements of graft function is now required. A 
combination of magnetic resonance angiography*’ 
with velocity and acceleration mapping offers the 
prospect of a completely non-invasive assessment of 
vascular disease. 

We have validated velocity and flow mea- 
surements in phantom experiments, ın the femoral 
artery, and in the ascending aorta?* but velocity is 
only measured in a single direction in each velocity 
map and it is ymportant to know the angle between 
the vessel and the plane in which it is imaged, or 
alternatively to make measurements in three ortho- 
gonal directions. For small vessels there are addi- 
tional sources of inaccuracy such as the partial 
volume effect, and small vessels are best studied per- 
pendicular to the plane of the image. Resolution may 
not yet be adequate for accurate flow calculations in 
coronary bypass grafts or coronary arteries but these 
preliminary results are encouraging. 


Conclusion 


Magnetic resonance velocity mapping is a new tech- 
nique that provides a display of velocity within the 
cardiac chambers and major vessels at any point of 
the cardiac cycle. It is expected to be applicable in a 
wide variety of disorders of the cardiovascular sys- 
tem, and it may avoid invasive investigation in some 
cases. It is likely to be valuable in the assessment of 
intracardiac shunting, valve regurgitation and steno- 
sis, and in the measurement of flow in congenital 
heart disease. Most exciting is its potential for the 
detection and assessment of vascular disease, includ- 
ing disease of the coronary arteries. 


411 


We thank the following for financial support: the 
Board of Governors of the National Heart and Chest 
Hospitals, the Coronary Artery Disease Research 
Association (CORDA), the League of Friends of 
The Brompton Hospital, the Viscount Royston 
Trust, the Halley Stewart Trust, the Charles 
Wolfson Charitable Foundation, and GEC/Picker 
International. We thank Sister Elizabeth Burman 
and Mr Karl Lotey for their help. 


References 


1 Steiner RE, Bydder GM, Selwyn A, et al. Nuclear 
magnetic resonance imaging of the heart. Current 
status and future prospects. Br Heart J 1983; 
50:202-8. 

2 Lieberman JM, Alfidi RJ, Nelson AD, et al. Gated 
magnetic resonance imaging of the normal and dis- 
eased heart. Radiology 1984;152:465—70. 

3 Higgins CB, Byrd BF, McNamara MT, et al. Magnetic 
resonance imaging of the heart: a review of the 
experience in 172 subjects. Radiology 1985;155: 
671-9. 

4 Fletcher BD, Jacobstein MD, Nelson AD, Rie- 
menschneider TA, Alfidi RJ. Gated magnetic reso- 
nance imaging of congenital cardiac malformations 
Radiology 1984;150:137—40. 

5 Fisher MR, Hricak H, Higgins CB. Magnetic reso- 
nance imaging of developmental venous anomalies. 
Am J Roentgenol 1985;145:705-9. 

6 Didier D, Higgins CB, Fisher MR, Osaki L, Silverman 
NH, Cheitlin MD. Congenital heart disease: gated 
MR imaging in 72 patients. Radiology 19863158: 
227-35. 

7 McNamara MT, Higgins CB, Schechtmann N, et al. 
Detection and characterisation of acute myocardial 
infarction in man with use of gated magnetic reso- 
nance. Circulation 1985;71:717-24. 

8 Higgins CB, Lanzer P, Stark O, er al. Imaging by 
nuclear magnetic resonance in patients with chronic 
ischaemic heart disease. Circulation 1984;69:523-31. 

9 Underwood SR, Rees RSO, Savage PE, er al. Assess- 
ment of regional left ventricular function by mag- 
netic resonance. Br Heart J 1986;56:334—40. 

10 Stark DD, Higgins CB, Lanzer P, et aJ. Magnetic reso- 
nance imaging of the pericardium: normal and 
pathologic findings. Radiology 19843;150:469-74. 

11 Soulen RL, Stark DD, Higgins CB. Magnetic reso- 
nance imaging of constrictive pericardial disease. Am 
J Cardiol 1985;55:480—4. 

12 Amparo EG, Higgins CB, Shafton EP. Demonstration 
of coarctation of the aorta by magnetic resonance 
imaging. Am J Roentgenol 1984;143:1192—-4. 

13 Glazer HS, Gutierrez FR, Levitt RG, Lee JKT, 
Murphy WA. The thoracic aorta studied by MR 
imaging. Radiology 1985;157:149—55. 

14 McMurdo KK, de Greer G, Webb WR, Gamsu G. 
Normal and occluded mediastinal vessels: MR 
imaging. Radiology 1986;159:33-8. 

15 Longmore DB, Klipstein RH, Underwood SR, et al. 


412 


16 


17 


18 


20 


21 


23 


24 


25 


26 


t3 
~ 


28 


29 


30 


31 


Dimensional accuracy of magnetic resonance in 
studies of the heart. Lancet 1985;i:1360-2. 

Underwood SR, Klipstein RH, Firmin DN, et a/. Mag- 
netic resonance assessment of aortic and mitral 
regurgitation. Br Heart J 1986;56:455-62. 

Underwood SR, Klipstein RH, Firmin DN, et al. Mag- 
netic resonance assessment of the accuracy of radio- 
nuclide methods for the quantification of valvular 
regurgitation and atrial shunting. In: Hoefer R, 
Bergman H, eds. Radioactive isotopes im medicine 
and research. Vienna: Verlag H  Egerman, 
1986;17:299-305. 

Moran PR. A flow velocity zeugmatographic interlace 
for NMR imaging in humans. Magnetic Resonance 
Imaging 1982;1:197—203. 

Bryant DJ, Payne JA, Firmin DN, Longmore DB. 
Measurement of flow with NMR imaging using a 
gradient pulse and phase difference technique. J 
Comput Assist Tomogr 1984,8:588-93. 

Redpath TW, Norris DG, Jones RA, Hutchison JMS. 
A new method of NMR flow imaging. Phys Med Biol 
1984;29:891-8. 

van Dijk P. Direct cardiac NMR imaging of heart wall 
and blood flow velocity. J Comput Assist Tomogr 
1984;8:429--36. 

Moran PR, Moran RA, Karstaedt N. Verification and 
evaluation of internal flow and motion: true magnetic 
resonance imaging by the phase gradient modulation 
method. Radiology 1985,154:433-41. 

Nayler GL, Firmin DN, Longmore DB. Cine MR 
blood flow imaging. J Comput Assist Tomogr 
1986;10:715-22. 

Longmore DB, Firmin DN, Nayler GL, Underwood 
SR, Klipstein RH. Cine magnetic resonance blood 
flow imaging in clinical use [Abstract]. Magnetic 
Resonance Imaging 1986;4:157. 

Klipstein RH, Firmin DN, Underwood SR, Nayler 
GL, Rees RSO, Longmore DB. Colour display of 
quantitative blood flow and cardiac anatomy in a 
single magnetic resonance cine loop. Br J Radiol 
1987;,60:105-11. 

Ernst RR. Sensitivity enhancement in magnetic reso- 
nance. Advances in Magnetic Resonance 1966;2: 
1-135. 

Underwood SR, Firmin DN, Klipstein RH, Rees 
RSO, Longmore DB. The assessment of coronary 
artery bypass grafts using oblique magnetic reso- 
nance imaging and velocity mapping [Abstract]. In: 
Proceedings of the Fifth Annual Meeting of the Society 
of Magnetic Resonance in Medicine. Berkeley: Society 
of Magnetic Resonance in Medicine, 1986;5:47-8. 

Singer JR. Blood flow rates by nuclear magnetic reso- 
nance measurements. Science 1959;130:1652-3. 

Feinberg DA, Crooks L, Hoenninger J III, Arakawa 
M, Watts J. Pulsatile blood velocity in human arte- 
ries displayed by magnetic resonance imaging. 
Radiology 1984;153:177-80. 

Singer JR, Crooks LE. Nuclear magnetic resonance 
blood flow measurements in the human brain. Sci- 
ence 1983,221:654—6. 

Wedeen VJ, Rosen BR, Chesler D, Brady TJ. MR 


32 


33 


34 


35 


36 


3 


-l 


38 


39 


4l 


42 


43 


44 


45 


46 


47 


Underwood, Firmin, Klipstein, Rees, Longmore 


velocity imaging by phase display. J Comput Assist 
Tomogr 1985:9:530-6. 

Jacobstein MD, Fletcher BD, Goldstein S, Rie- 
menschneider TA. Evaluation of atrioventricular 
septal defect by magnetic resonance imaging. Am J 
Cardio! 1985:55:1158-61. 

Dinsmore RE, Wismer GL, Guyer D, et al. Magnetic 
resonance imaging of the interatrial septum and atrial 
septal defects. Am J Roentgenol 1985,145:697—703. 

Lowell DG, Turner DA, Smith SM, et al. The 
detection of atrial and ventricular septal defects with 
electrocardiographically synchronised magnetic res- 
onance imaging. Circulation 1986;73:89—94. 

Feiglin DH, George CR, MacIntyre WJ, et a/. Gated 
cardiac magnetic resonance structural imaging: opti- 
mization by electronic axial rotation. Radiology 
1985;154:129-32. 

Feiglin DH, Moodie DS, O'Donnell JK, Go RT, 
Sterba R, MacIntyre WJ. Evaluation of congenital 
heart disease by cine magnetic resonance imaging 
[Abstract]. Eur J Nucl Med 1985;11:A18. 

Utz JA, Herfkens RJ, Heinsimer J, Glover GH, Pelc 
NJ, Shimakawa A. Rapid dynamic MR imaging of 
the heart in the evaluation of valvular function 
[Abstract]. Radiology 1986;161(P):198. 

Nakagawa H, Yamamoto K, Takamiya M, Sakakibara 
H, Nimura Y. Semiquantitative grading of severity 
of mitral regurgitation by real-time two-dimensional 
Doppler flow imaging technique. J Am Coll Cardiol 
1986;7:82-8. 

Miyatake K, Izumi S, Shimizu A, et al. Right atrial 
flow topography in healthy subiects studied with 
real-time two-dimensional Doppler flow imaging 
technique. 7 Am Coll Cardiol 1986;7:725-31. 

McLennan FM, Haites NE, Mackenzie JD, Daniel 
MK, Rawles JM. Reproducibility of linear cardiac 
output measurement by Doppler ultrasound alone. 
Br Heart J 1986;,55:25-31. 

Goldman ME. Real-time two-dimensional Doppler 
flow imaging: a word of caution. J Am Coll Cardiol 
1986;7:89—60. 

Hatle L, Brubakk A, Tromsdal A, Angelsen B. Non- 
invasive assessment of pressure drop in mitral 
stenosis by Doppler ultrasound. Br Heart J 
1978;40:131—40. 

Hatle L, Angelsen BA, Tromsdal A. Non-invasive 
assessment of aortic stenosis by Doppler ultrasound. 
Br Heart J 1980;43:284-92. 

Herfkens RJ, Higgins CB, Hricak H, er al. Nuclear 
magnetic resonance imaging of atherosclerotic dis- 
ease. Radiology 1983;148:161-6. 

Wesbey GE, Higgins CB, Amparo EG, Hale JD, 
Kaufman L, Pogany AC. Peripheral vascular dis- 
ease: correlation of MR imaging and angiography. 
Radiology 1985;156:733-9. 

Jenkins JPR, Love HG, Foster CJ, Isherwood I, 
Rowlands DJ. Magnetic resonance imaging in the 
assessment of coronary artery bypass graft patency 
[Abstract]. Br J Radiol 1986,50:853-4. 

Nayler GL, Firmin DN. Multislice MRI angiography 
[Abstract]. Magnetic Resonance Imaging 1986;4:156. 








There are three long-acting formulations of 
‘Inderal’ which offer the advantages of a simple, 
once-daily regimen with proven continuous 


protection. 


"Several slow release formulations of shorter 


— SINGLE DAILY DOSE— — 





Half-inderal’LA 
80 mg propranolol 
once daily. 


acting beta-blockers are available. Only... 


(Inderal LA) once daily can be recommended 
on the strength of its sustained beta-blocking 


and antihypertensive effects? 


J.H. Silas in "Drugs in the Management of Heart Disease,” 
A. Breckenridge. 


PRESCRIBING NOTES 


Use Control of mild to moderate hypertension. ‘Inderal’ 
LA and Half-Inderal’ LA are also indicated for angina, 
anxiety, essential tremor, thyrotoxicosis and prophy- 
axis of migraine. Dosage and administration Hyper- 
tension One capsule daily of 'Inderex' or one capsule 
daily of ‘Inderal’ LA increasing by increments of one 
capsule of Half-Inderal’ LA if required. Other indic- 
ations One capsule daily of Half-“Inderal’ LA increasing 
to the equivalent of 3 capsules daily if required. Elderly 
patients Start with one capsule daily Half^Inderal' LA. 
Contraindications Heart block: bronchospasm: after 
prolonged fasting; and in metabolic acidosis. Addition- 


ally far *Indorev'* annria: renal failure: cencitivity ta 


edited by 


thiazides. Precautions Untreated cardiac failure; brady- 
cardia. Treatment modifies tachycardia of hypogly- 
caemia. Transference from, or discontinuance of cloni- 
dine. Prescription of Class! antidysrhythmicagents.Co- 
administration with verapamil. Anaesthesia. Pregnancy. 
Cessation of beta-blocker therapy should be gradual in 
patients withischaemic heart disease.Additionally with 
"Inderex': diabetes; hepatic cirrhosis with ascites; and 
co-administration of digitalis or lithium containing 
preparations. Side effects Cold extremities, nausea, 
insomnia, lassitude and diarrhoea are usually transient. 
Isolated cases of paraesthesia of the hands. Rashes and 
dry eves have heen renarted with heta-hlackers Ad- 





‘Inderal’ LA 
160 mg propranolol 
once daily. 


Prescribe in calendar packs of 28. 








‘inderex’ 

160 mg propranolol 
and 5 mg 
bendrofluazide 
once daily. 





ditionally with ‘Inderex': hypokalac 
patients already potassium depleted 
Rare reports of rashes, necrot 
pancreatitis, blood dyscrasias and aggrav : 
existing myopia. Product licence numbers and basic 
NHS costi? 8-day ca PUE pack binder 
£6.66; Half "Inderal LA 
0157) £7.44. ‘Inderal LA. Hz 
are trademarks. Further inform 
ICI Pharmaceuticals (UKi, Alderley 
Park, Macclesfield, Cheshire SK)G 47} 






















PAN RA 


HB 





ge do ia A dc 


@ Arrhythmia tabulation 
in choice of format 


@ ECG strips formatted in choice of 
size on Z-foid paper 


@ Full disclosure report 























CRETER LA at REET eae R 





renee LES 


ance shows 


Relevant, accurate arrhythmia data 


within 5 minutes. 


The new desk top Pathfinder 3 provides a clinically based Holter 
report you can trust. The presentation of essential, concise, 
relevant arrhythmia data, forms a sound basis for diagnosis. 








Only Pathfinder 3 offers: 


® Choice of operating moces 
— operator controiled analysis; 
— automatic analysis; 
— manual scanning; 
® Sharp visual display to detect atrial arrhythmias; 
® Unique edit facility for corrected reports from a single tape pass; 
® ECG strips and miniaturised "full disclosure" report on A4 size 
Z-fold paper 
® System expansion through software options. 


Systems without screens or dependent upon a "full disclosure" 
miniaturised ECG write out — are clearly no match for 
Pathfinder 3's facilities. For more information and a 

convincing demonstration contact: 





Reynolds Medical Limited 


Cawthorne House, 51 St. Andrew Street 
-ertford SG14 1HZ, England, Telephone: (0992) 558211 
Telex: 817680 Fax: (0992) 558143 


Reynolds Medizinische Elektronik GmbH 
8501 Feucht, Schwabacherstrasse 34, W. Germany 
Telephone: 09128 4080 Telex: 626320 






Br Heart J 1987;57:413-5 


Twenty year follow up of patients in the Medical 
Research Council trial of anticoagulants in acute 


myocardial infarction 


A S DOUGLAS, LINDA COLWELL, GEOFFREY ROSE 
From the Department of Medicine, Aberdeen Royal Infirmary and The Department of Epidemiology, London 


School of Hygiene and Tropical Medicine 


SUMMARY A 20 year follow up of 1330 patients in the Medical Research Council trial of short 
term anticoagulant treatment in myocardial infarction showed no long term benefits; but it pro- 
vided interesting data on the outcome in such patients. Sixteen per cent of the patients were alive 
20 years later. The excess mortality rate in trial participants over that expected for England and 
Wales as a whole declined rapidly after the early months, but some excess persisted throughout 
the follow up. Three quarters of all the deaths were from coronary heart disease; 70% of these 
coronary deaths occurred after the patients had left hospital. This finding emphasises the im- 


portance of secondary prevention. 


There has been little systematic study of the long 
term outcome after myocardial infarction.'~7 A fol- 
low up of patients in the Medical Research Council 
trial of anticoagulants in acute myocardial in- 
farction,® undertaken in order to check for any late 
effects of treatment, offered an opportunity also to 
examine survival over a 20 year period in a well- 
documented series of patients who had been dis- 
charged after a month of treatment. This seems to be 
the longest systematic follow up of survivors of myo- 
cardial infarction. 


Patients and methods 


Between 1963 and 1966 a total of 1416 patients with 
myocardial infarction (all ages, both sexes) entered 
the Medical Research Council trial and were ran- 
domly allocated to four weeks’ treatment with phen- 
indione, either full dosage or Img daily. Their 
average age was 58 years; 77% were men. One hun- 
dred and fifteen patients in the high dose group died 
while they were in the trial compared with 129 in the 
low dose group; this difference was not statistically 
significant. Thromboembolism was significantly less 
Requests for reprints to Professor Geoffrey Rose, London School 
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common in the high dose group than in the low dose 
group (5% vs 11%). 

With the help of the National Health Service cen- 
tral registers in Southport and Edinburgh and the 
Social Security office in Newcastle we were able to 
trace 94% of the patients (668 from the high dose 
group and 662 from the low dose group). Of these, 
1111 (84%) had died and their death certificates 
have been made available. 

'The survival experience of the patients was com- 
pared with an expected survival curve based on the 
England and Wales life table for 1971,° and the ap- 
plication of appropriate age specific mortality rates 
to a cohort of the same age and sex distribution as 
the patients in the study. Eleven patients entered the 
trial more than once; their survival experience has 
been reckoned from the first attack. 


Results 


Figure 1 shows the 20 year progress of coronary 
heart disease mortality for the trial's two groups: the 
differences are small and within chance limits. Re- 
sults for specific causes of death were also similar in 
the two groups. 

Despite having suffered a major acute episode in a 
dangerous chronic disease, 219 (1695) patients are 
alive 20 years later. For those who survived for 28 
days the 20 year survival rate was 20%; however, 
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m patients allocated to high and low dosage anticoagulant 
treatment for a month. 


58% of them (629 out of 1088 discharged alive from 
hospital and not lost to follow up) have died of the 
same disease. The distribution of the remaining 
causes of death is similar to that in the general popu- 
lation (table). 

Figure 2 shows the actuarial mortality curves for 
the patients, compared with the experience of the 
general population of England and Wales,’ adjusted 


Table Twenty year mortality in 1416 patients admitted to 

hospital with myocardial infarction 

Status Number (95) 

Alive 219 (16) 

Dead. 
Coronary heart disease: in hospital 223 (17) 

subsequently 629 (47) 

Stroke 41 (3) 
Other cardiovascular disease 50 (4) 
Lung cancer 31 m 
Other respiratory disease 48 (4 
Other cancer 33 (2) 
Diabetes mellitus 12 (1) 
Other cause 30 (2) 
Cause unknown 14 (1) 

Lost to follow up 86 


for age and sex. Clearly the worse experience of the 
patients arises chiefly in the first five years, and es- 
pecially the first year. The excess mortality in re- 
lation to the general population is 2-3 in the first 10 
years and 1-4 in the next 10 years. 

Survival was less likely in women than men (20 
year survival 13-295 compared with 17-496), but 
they were an older group (average age at entry 62 
years compared with 56 years for men). 
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Discussion 


The trial did not identify any significant reduction 
in coronary events during the short period of anti- 
coagulant treatment, despite the convincing evi- 
dence of a short term reduction 1n thromboembolic 
events; and it is therefore not surprising that no long 
term benefit has emerged. A subsequent pooling of 
results from six randomised trials found an overall 
significant reduction of 21% in the acute case fatal- 
ity.!? Thus the difference in the Medical Research 
Council trial result could be due to chance. 

As far as we know, 20 years 1s the longest period 
during which survivors of hospital admission for 
myocardial infarction have been studied; the cases 
were all well documented and had no major criteria 
for exclusion. Success in tracing 94% of the patients 
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20 years later demonstrates the particular advan- 
tages enjoyed by investigators who study the long 
term outcome in patients in the United Kingdom, 
even where such a long follow up was not planned at 
the outset. 

Several important conclusions follow from the 
findings. The first is that for a substantial proportion 
of patients suffering a myocardial infarction, out- 
come 1s favourable: of those who survived the acute 
attack one in five are alive 20 years later. T'he average 
age of these patients was already 58 years at entry to 
the study. Their excess risk declined progressively 
with increasing interval from the attack, and after 10 
years it was small. In interpreting the changing 
slopes of the survival curves it must, however, be 
remembered that they refer to a changing study pop- 
ulation. The declining risk reflects not only the 
lengthening interval from the attack but also the 
progressive disappearance of those who were older 
at the time of the attack. Those who survive are, 
however, getting older and other things being equal 
this would increase their risk of death. 

Norris's group have shown that impairment of left 
ventricular function influences long term as well as 
short term prognosis,! implying that among those 
with lesser degrees of myocardial injury the long 
term prognosis is even better than our figures sug- 
gest. 

The second important conclusion is that myo- 
cardial infarction is a chronic and protracted disease. 
In our study of hospital patients with myocardial 
infarction more than 70% of all the deaths attributed 
to coronary heart disease occurred more than a 
month after hospital admission. This illustrates how 
the acute care of coronary patients touches on only a 
small part of the total problem, and it emphasises the 
much greater potential importance of secondary pre- 
vention. In this series, for example, a 10% reduction 
in coronary mortality after discharge would have 
been equivalent to a 25% reduction during the 
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period 1n hospital. After the attack there is a rapid 
decline in the death rate of these patients; but this 
should not distract attention from the fact that most 
of the deaths occur after patients have left hospital 
and that such patients continue to be at high risk 


This work was supported by a grant from the Medi- 
cal Research Council. 
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Follow up results of treatment of unstable angina by 
coronary angioplasty 
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From the Cardiology Centre, Umversity Hospital, Geneva, Switzerland 


SUMMARY Eighty nine of 327 consecutive patients undergoing coronary angioplasty at a centre 
had unstable angina—defined as either a worsening of the frequency or the severity of chest pain 
or severe episodes of chest pain at rest with no evidence of acute myocardial infarction. 
Multivessel disease was present in 31 of these patients. Two or more vessels were dilated in the 
same procedure in one fifth of the patients. Primary success was obtained in 80 (90%) patients. 
Acute myocardial infarction was a complication in four (5%) patients, including two of four 
patients who needed emergency coronary bypass grafting. Follow up coronary angiography at a 
mean (SD) of 10 (6) months in 57 patients showed restenosis in 21 (37%): of these, 13 patients had 
repeat coronary angioplasty and three had elective coronary bypass grafting. All patients in whom 
angioplasty was initially successful were followed up for 10 (6) months after the last angioplasty 
procedure. There were no deaths. One patient had sustained a myocardial infarction unrelated to 
the dilated vessel. Clinically, 74 patients improved by at least one New York Heart Association 
class and 40 (50%) were symptom free and with no signs or symptoms of myocardial ischaemia on 
a stress test. 

Coronary angioplasty offers long term symptomatic improvement at an acceptable risk in the 
majority of patients with unstable angina. 


Patients with unstable angina are at increased risk of 
myocardial infarction and premature death. In the 
past 10 years there has been much discussion on the 
best way to manage such patients.” ? Although chest 
pain is often controlled by bed rest and intensive 
medical treatment, a substantial percentage of 
patients none the less have early unfavourable out- 
comes on medical treatment alone^; this result is 
partially related to persistent silent ischaemia.’ 
Percutaneous transluminal coronary angioplasty is 
increasingly accepted as a form of revascularisation 
in patients with unstable angina." !? We report the 
results of a follow up of selected patents with 
unstable angina treated with coronary angioplasty. 


Patients and methods 


Between July 1983 and May 1985 a total of 327 
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patients underwent coronary angioplasty at our cen- 
tre. Eighty nine patients had unstable angina— 
defined as either a worsening in the frequency or 
severity of chest pain or severe episodes of pro- 
longed pain at rest shortly before admission with no 
electrocardiagraphic or enzymatic evidence of acute 
myocardial infarction. We studied 76 (85%) men 
and 13 women (mean (SD) age 55(9) years). In 54 
patients there was a history of old myocardial 
infarction. T'here was two and three vessel disease 


Baseline climccl and angiographic data in patients treated 
with angioplasty 


Variable Data 
Panents 89 
Age (years) 55 (9) (35-69) 
Men 85% 
Left ventricular eyection 
fraction (%) 62 (11) (41-80) 


54 (61%) 

58 patents 

22 patients 
9 patients 


Old myocardial infarction 
One vessel disease 

Two vessel disease 
Three vessel disease 


416 


Coronary angioplasty for unstable angina 


causing stenosis of 70% of the luminal diameter ın 
22 and nine patients respectively. Four (5%) 
patients had had previous coronary angioplasty. The 
table summarises the baseline clinical and angio- 
graphic data. Patients were treated with nitrates, fj 
blockers, calcium antagonists, and aspirin. The 
degree of coronary stenosis was visually estimated as 
a percentage of the luminal diameter by two angio- 
graphers ın multiple projections and results were 
averaged. 

Coronary angioplasty was performed as pre- 
viously described,!? after intravenous heparm 
(10000 IU) and intracoronary isosorbide dinitrate 
(0-2 mg) or nifedipine (0 1 mg) or both. The trans- 
femoral approach was used in all cases. Prolonged 
anticoagulation with intravenous heparin infusion 
was not used routinely after a successful procedure, 
but the patients received oral nifedipine 40 to 
60mg/day and aspirin 100 mg/day unless contra- 
indicated. Primary success was considered to have 
been achieved if the following conditions were met: 
angiographic improvement of the lesion with no 
significant residual stenosis, improvement in the 
transstenotic pressure gradient (whenever avail- 
able), absence of electrocardiographic or enzymatic 
evidence of myocardial infarction or need for coro- 
nary artery bypass grafting within 48 hours of the 
procedure, and improvement of at least two New 
York Heart Association functional classes for 
angina. In multivessel angioplasty success was 
defined as dilatation of at least the ischaemia related 
lesion. Transient electrocardiographic changes in 
leads V1-V5 were regarded as indicating lesions of 
the left anterior descending coronary artery, while 
changes in leads V6, I, aVL or II, III, and aVF were 
said to reflect a lesion in either the circumflex or the 
right coronary artery respectively. When no electro- 
cardiographic changes had been recorded, the vessel 
that showed the most severe stenosis and perfused a 
myocardial region with at least partially preserved 
contraction was identified as the ischaemia related 
vessel. Treatment with aspirin 100 mg/day was rec- 
ommended to all patients after discharge and anti- 
anginal, hypotensive, or antiarrhythmic drugs were 
also given as clinically indicated. 

The clinical follow up consisted of an interview, a 
physical examination, and a symptom limited stress 
test. The stress test was performed on a bicycle 
ergometer. The workload was increased by 25 W 
every three minutes, and the test was regarded as 
positive if the patient complained of typical chest 
pain or if ST segment depression of 21mm 
appeared 0-08 s after the J point. A few patients lived 
along way from the hospital and they were followed 
up by a questionnaire or a telephone interview. 

We recommended that all patients should have 
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follow up coronary angiography. Recurrence of 
stenosis was defined as loss of >50% of initial gain 
in luminal diameter at the site of angioplasty. When 
appropriate the y? test was used for statistical 
analysis. A p value < 0:05 was regarded as 
significant. 


Results 


Coronary angioplasty was attempted in 89 patients 
and was successful in 80 (9095). In 18 (20%) patients 
we were able to attempt coronary angioplasty on the 
same day as diagnostic coronary angiography. In 
18(2095) patients two or more vessels were dilated 
during the same procedure (fig 1). Lesions of the left 
anterior descending coronary artery accounted for 
54% of the 110 dilated vessels (fig2). The mean 
(SD) diameter of stenosis was reduced from 
84(12)% to 25(10)% and the mean transstenotic 
pressure gradient (available for 82 successfully 


(89 patients, 110 vessels) 


One vessel Two vesset 
PTCA (80°%e) PTCA (17%) 





Three vessel 
PTCA (3%s) 


Fig1  Dustribution of single and multivessel coronary 
angioplasty procedures. PTCA, percutaneous transluminal 


coronary angioplasty. 


(110 vessels) 


Cx (24%) 


RCA (22%) 


Fig2 Distribution of vessels attempted. LAD, left anterior 
descending; Cx, arcumflex; RCA, right coronary artery. 
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CABG (14%) 





Fig3 Treatment of restenosis. PTCA, percutaneous 
transluminal coronary angioplasty; CABG, coronary artery 
bypass graft. 


(80 patients) 





Ch) 50 


Fig4 Cluncal follow up of patients after the last successful 
angioplasty procedure. PTCA, percutaneous transluminal 
coronary angioplasty. 


dilated vessels) from 54 (15) to 14 (10) mm Hg. Of 31 
patients with multivessel disease, 15 had a successful 
complete revascularisation and in 13 angioplasty of 
the ischaemia associated lesions was successful. 
Acute myocardial infarction was a complication in 
four patients: two of them had emergency coronary 
bypass grafting. There were five additional failures 
caused by our inability to cross the coronary lesion, 
which was a total chronic occlusion in four patients. 
All four patients had sustained an infarction with 
minimal hypokinesis in the region perfused by the 
occluded vessel and had a severe stenosis on other 
vessels, with visible collaterals in two patients. 
Follow up coronary angiography was performed 
ata mean (SD) interval of 10 (6) months (range 2-23 
months) in 57 (7195) patients: it showed recurrence 
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of stenosis in 21 (37%). Recurrence was recorded in 
17 (35%) of 48 patients who had angioplasty of a 
single vessel and in 4 (4495) of nine patients who had 
multivessel angioplasty (INS). Repeat angioplasty 
(fig3) was performed in 13 patients and it was suc- 
cessful in 12; one patient needed emergency coro- 
nary surgery because acute coronary occlusion 
occurred as a complication of the procedure. Three 
patients underwent elective coronary bypass graft- 
ing for the treatment of restenosis. 

`A clinical follow up was available for all patients 
with initially successful angioplasty at a mean inter- 
val of 10(6) months after the last successful 
dilatation procedure. There were no deaths. One 
patient had sustained an acute myocardial infarction 
unrelated to the dilated vessel. Seventy four (93%) 
patients had improved by at least one New York 
Heart Association class for angina and 41 (50%) 
were symptom free (fig 4). At follow up 10 (80%) of 
13 patients with multivessel disease and successful 
angioplasty of only the ischaemia related lesions 
were symptom free or had only mild angina. A stress 
test was performed in 52 patients as a part of the 
follow up evaluation at a mean interval of 12(5) 
months (range 4-20 months) from the last coronary 
angioplasty procedure. Forty patients (7795) had 
neither signs nor symptoms of myocardial ischaemia 
at a mean workload of 117 (39) W (range 25-200 W) 
and a mean (SD) double product (blood pressure x 
heart rate) of 28000 (6300) mgHg/min. Twelve 
patients (2395) had angina or signs of myocardial 
ischaemia cr both at a mean workload of 104 (35) W 
(range 50-175 W) and a mean double product of 
25 000 (5500) mm Hg/min. 


Discussion 


The primary success rate in most reports of coro- 
nary angioplasty for unstable angina ranges from 
61% in earlier studies? to 93% in more recent series 
when steerable systems were used.? Acute compli- 
cations were reported in seven to 12%.°~ 1! Our suc- 
cess rate (90%) and complication rate (5%) compare 
favourably with these reports and to some extent 
may reflect the inclusion in our series of patients 
with less severe coronary lesions. Coronary angio- 
graphy was performed at follow up in 71% of our 
patients after a successful angioplasty. The patients 
in our series who declined follow up coronary angio- 
graphy were usually symptom free. In 37% of our 
patients recurrence of stenosis was seen at angio- 
graphy. This rate is higher than in other reports in 
which restenosis rates for patients with unstable 
angina ranged from 2494? to 3295.1! 

All our patients in whom angioplasty was success- 
ful had an immediate and considerable improvement 
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in anginal symptoms. One patient sustained a myo- 
cardial infarction on a non-dilated vessel during the 
follow up period. Others have reported a similarly 
low frequency of infarction after a successful angio- 
plasty for unstable angina.? !! A definite symptom- 
atic improvement was apparent 10(6) months after 
the last successful dilatation procedure in about two 
thirds of our patients, and one half of them were 
symptom free and with no sign of myocardial 
ischaemia on a stress test. Long term clinical 
improvement also persisted in the subset of patients 
with incomplete myocardial revascularisation—80% 
of them were either symptom free or had only mild 
angina. This accords with other reports of incom- 
plete myocardial revascularisation by coronary 
angioplasty in patients with unstable angina.!? !? 
Our data support observations that coronary angio- 
plasty can be performed at an acceptable risk in 
selected patients with unstable angina. Immediate 
symptomatic improvement was achieved after a 
successful angioplasty of the angina related lesions 
and also in patients in whom myocardial 
revascularisation was incomplete. Long term 
improvement of angina was achieved in most 
patients; 1n some this required repeated coronary 
angioplasty. 
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Sudden coronary death in Glasgow: the severity 
and distribution of chronic coronary atherosclerotic 
stenoses 
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SUMMARY A detailed analysis of the extent of coronary artery atherosclerosis was made in 92 
white subjects (66 men and 26 women) who died suddenly from ischaemic heart disease. Stenoses 
resulting in loss of >75% of luminal cross sectional area (significant stenosis) were found in 90 
subjects and these were more extensive in the proximal coronary tree than in the distal. Thirty 
nine per cent had triple vessel disease, 37% had double vessel disease, and 23% had single vessel 
disease. In addition one man had an isolated significant stenosis affecting the left main coronary 
artery. The frequency of significant stenoses in the left main coronary artery was greater in men 
than in women. The arteries that were least affected were the distal branches of the right coronary 
artery. A notable feature was the widespread nature of the coronary atherosclerosis: only 26 of the 
total of 1840 segments of coronary artery examined in the 92 victims could be described as having 


a normal intima (<10% loss of the area within the internal elastic lamina). 


The severity and the extent of advanced coronary 
atherosclerosis are recognised as important prognos- 
tic determinants in ischaemic heart disease, even 
when there are wide differences in age, race, 
geographical location, or other variables.1~* Data 
relating coronary artery disease to clinical 
manifestations and risk factors are largely based on 
an assessment of left ventricular function and the 
extent and degree of coronary atherosclerosis. 
Therefore, accurate evaluation of the severity and 
extent of coronary atherosclerotic lesions is im- 
portant to clinical cardiologists, epidemiologists, and 
pathologists investigating the disease. 

We examined the extent, severity, and location of 
coronary atherosclerotic lesions in 130 cases of sud- 
den death. The degree of stenosis was accurately 
estimated with a quantitative microscope to record 
the loss of luminal cross sectional area of the whole 
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epicardial tree after it had been divided into histolog- 
ical blocks taken at 3 mm intervals. Part of this study 
of sudden coronary death in Glasgow has already 
been reported.* 


Patients and methods 


We studied 130 white subjects under the age of 70 
years (91 men and 39 women) who were submitted 
to medicolegal postmortem examination. 

The coronary arteries were examined micro- 
scopically after postmortem angiography had been 
performed to determine the extent of coronary artery 
disease and the anatomy of the coronary arterial tree. 
'The coronary arteries were dissected free from the 
heart, decalcified, and examined histologically. 
Blocks were taken at every 3mm of the arteries and 
labelled according to a standard code (fig 1).5 Each 
histological section was measured with a quantitative 
microscope attached to a microcomputer. The de- 
gree of stenosis was estimated by calculating the area 
representing the original lumen enclosed by the in- 
ternal elastic lamina and the area of the residual 
lumen. The stenosis was expressed as a percentage 
loss of cross sectional area. The extent of athero- 
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Figl Division of coronary tree into segments. Right 
coronary artery (RCA), segments 1-6; left main coronary 
artery, segment 11, left anterior descending artery (LAD), 
segments 12—15; first and second diagonal branches (1st DG 
and 2nd DG), segments 16 and 17 and 18 and 19 
respectively; circumflex artery (Cx), segments 24—26; 
obtuse marginal artery (OM), segments 29 and 30. 


sclerotic narrowing in each segment of the coronary 
tree was measured and recorded as a percentage loss 
of luminal cross sectional area; those with stenoses 
275% were considered to be "significantly" ste- 
nosed. Results are given both for the total number of 
significant stenoses 1n each segment and for the dis- 
tance along the arteries to the segment with tbe first 
significant stenosis. Left main coronary artery dis- 
ease, as well as single, double, or triple vessel disease, 
was noted. Subjects in whom there were limited ar- 
eas of narrowing of one or two segments of the coro- 
nary tree with the remaining arteries relatively free 
of disease were noted. The positions of normal seg- 
ments of artery (arbitrarily defined as loss of luminal 
cross sectional area <10%) were noted. 


Results 


QUANTITATIVE ASSESSMENT OF SIGNIFICANT 
STENOSES 

In 30 of the 130 subjects studied death was not 
caused by ischaemic heart disease. In eight subjects 
there was no identifiable cause of sudden death and, 
although coronary artery disease was present, there 
was no stenosis >75% and no acute coronary event. 
In these cases the cause of death was in doubt. The 
remaining 92 subjects showed evidence of severe 
atherosclerosis or acute coronary events with no 


other identifiable cause of sudden death. Significant 
stenoses (that is >75% loss of luminal cross sec- 
tional area) were found in 90 of the 92 cases of sud- 
den ischaemic coronary death. When we compared 
the extent of stenoses in different parts of the coro- 
nary tree we found that certain segments showed a 
higher total number of significant stenoses than 
others (fig 2). The second and third 2 cm segments of 
the right coronary artery, the third and fourth 1 5 cm 
segments of the anterior descending coronary artery, 
and the 2 cm segment of the circumflex artery distal 
to its obtuse marginal branch had the highest num- 
ber of significant stenoses. 


LOCATION OF SIGNIFICANT STENOSES 
Thirty five cases (39%) had triple vessel disease. 
Twenty five of these showed stenoses of >80% in 
the three vessels, and 1n four cases the stenosis in 
each of the three vessels was 2909/5. Thirty three 
subjects (37%) had significant double vessel 
disease—four with an isolated stenosis in each 
affected vessel. Twenty one subjects (23%) had sin- 
gle vessel disease—five with one isolated stenosis and 
five having two discrete stenoses. One subject had a 
significant high grade stenosis in his left main coro- 
nary artery only. 

The total number of significant lesions (fig 2) was 
greater in the proximal coronary tree than in the 
distal (312 and 197 stenoses respectively (p « 0-01)). 





Fig2 Total number of significant stenoses in each segment 
of the coronary tree in 92 subjects (configuration as fig 1). 
RCA, right coronary artery; LAD, left anterior descending 
artery; Ist DG, first diagonal branch of LAD; 2nd DG, 
second diagonal branch of LAD, Cx, circumflex artery; 
OM, obtuse marginal artery 
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Proximal segments for the purpose of this study were 
defined as the ten segments 1, 2, 3, 11, 12, 13, 14, 16, 
24, and 29, and the ten distal segments were defined 
as 4, 5, 6, 15, 17, 18, 19, 25, 26, and 30 (fig 1). The 
increased severity of proximal disease was reflected 
in all three major coronary arteries. In 17 of the 92 
cases, however, the distal parts of one or more of the 
main branches were more severely narrowed than 
the proximal parts. Twelve of these 17 cases had 
single distal lesions (that is one distal lesion in one of 
the major branches, with the rest of the vessels being 
relatively disease free). Four subjects had two vessels 
with distal lesions and one had three vessels with 
distal lesions. 

The most frequent location for the first significant 
lesion encountered (that is the most proximal) along 
the coronary tree was the first segment of all three 
main branches (fig 3). 


DISEASE OF THE LEFT MAIN CORONARY 
ARTERY 

The total number of significant lesions in the left 
main coronary artery was significantly greater in 
men than women (fig 4 (p < 0-02)). There was no 
difference in the frequency of disease between those 
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Fig 3 Location of the most proximal significant stenosis in 
92 subjects. RCA, right coronary artery; LAD, left 
anterior descending artery; 1st DG, first diagonal branch of 
LAD; 2nd DG, second diagonal branch of LAD; Cx, 
circumflex artery; OM, obtuse margmal artery. 
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Fig 4 Histogram of the numbers of ngmficant stenoses in each segment for men and women. 
Numbers indicate segments as shown in fig 1. RCA, right coronary artery; LMCA, left main 
coronary artery; LAD, left anterior descending artery; 1st DG, first diagonal branch of LAD; 
2nd DG, second diagonal branch of LAD; Cx, crcumflex artery. 
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Fig5 Histogram of the number of the most proximal segments with significant stenoses in men and 
women. Numbers indicate segments as shown in fig 1. RCA, right coronary artery; LMCA, left 
main coronary artery, LAD, left anterior descending artery; 1st DG, first diagonal branch of 
LAD; 2nd DG, second diagonal branch of LAD; Cx, circumflex artery. 
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Fig 6 Histogram of the numbers of sigmficant stenoses in each segment for groups aged less than 
55 years and more than 55 years. Numbers indicate segments as shown in fig 1. RCA, right 
coronary artery; LMCA, left main coronary artery; LAD, left anterior descending artery; 1st 
DG, first diagonal branch of LAD; 2nd DG, second diagonal branch of LAD; Cx, circumflex 
artery. 
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aged 255 and those aged «55. Isolated severe 
stenosis of the left main coronary artery occurred in 
only one case and there were no stenoses > 90%. 


SEX AND AGE DISTRIBUTION 

There was no difference between the total number of 
significant lesions (or the distance to the first 
significant stenosis) for men and women (fig 5). Sim- 
ilarly, there was no difference for those aged <55 
years and those aged >55 years (fig 6). 


NORMAL SEGMENTS 

Segments with minimal atheroma (loss of cross sec- 
tional area <25%) (fig 7) were more common in the 
distal coronary tree than in the proximal (136 com- 
pared with 50 segments respectively (p < 0-01)). 
There were more normal segments in the right coro- 
nary artery than in the anterior descending or 
circumflex arteries. Only 26 segments had stenoses 
causing <10% loss of cross sectional area. 


OLD LESIONS 

Old lesions, represented by recanalisation, were 
found in 27 subjects; 24 of them had additional re- 
cent coronary lesions. Figure 8 shows the distribu- 
tion of these old lesions, which were more common 
1n the distal or smaller vessels. No old lesions were 
found in the proximal anterior descending artery, 
but more old lesions than acute lesions were found in 
the diagonal branches of this vessel. 
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Fig7 Locanon of segments with loss of cross sectional area 
« 2595. Results from 92 subjects. 


DEATHS FROM CAUSES OTHER THAN 
ISCHAEMIC HEART DISEASE 

Four of the 30 victims of sudden death with a cause 
other than ischaemic heart disease had significant 
stenoses. The range of loss of luminal cross sectional 
area was 7%-92% and the mean maximum loss of 
luminal area was 41:595. Normal segments (loss of 





ANNNNNNNNNNNNNNNNNNNI 
INNNNNNNNNNNNNNNNNNNS 


NS SS SS 
f$ NNANANNANANY 


N 


16 1 18 19 2 
ist DG 2nd DG C 


Fig 8 Distribution of recanalised segments of coronary artery in 27 cases (numbers indicate 
segments as shown in fig 1). RCA, right coronary artery; LMCA, left main coronary artery; 
LAD, left anterior descending artery; 1st DG, first diagonal branch of LAD; 2nd DG, second 
diagonal branch of LAD; Cx, arcumflex artery; OM, obtuse marginal artery. 
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luminal cross sectional area of « 1095) occurred in 56 
out of the 600 segments of coronary arteries exam- 
ined in these 20 subjects. 


Discussion 


It is well recognised that there are considerable age, 
sex, racial, and geographic variations in the preva- 
lence of atherosclerosis.* É A necropsy is not always 
performed on every patient with ischaemic heart dis- 
ease who dies suddenly. For this reason the com- 
position of groups of cases of sudden coronary death 
can be highly variable. 

The most important measurement in the coronary 
tree of patients with coronary artery disease is the 
degree of stenosis." The degree of coronary narrow- 
ing can be estimated with considerable precision?; 
however, an accurate evaluation of atherosclerotic 
lesions is only possible at necropsy. Techniques for 
the evaluation of the amount of coronary artery 
stenosis vary. In practice, pathologists have tended 
to use individual methods that render comparison 
rather difficult. Tracing the circumference of the re- 
sidual lumen and the internal elastic lamina with a 
quantitative microscope is an accurate technique 
that can be reproduced in different populations. 

A further difficulty arises in defining what is meant 
by a “severe” or “significant” stenosis, particularly 
in the context of sudden death. Many consider a 
stenosis producing 75% loss of the luminal cross 
sectional area as a significant factor in sudden coro- 
nary death.? !? The problem is further complicated 
by the question of whether the state of the arterial 
Iumen at necropsy is a true index of the calibre dur- 
ing life. It is possible that factors such as artefacts 
produced by postmortem contraction and fixation 
may affect lumen size and shape. It has been sug- 
gested that when an artery is fixed under pressure 
similar to normal arterial blood pressure, raised 
plaques tend to recede into small concavities in the 
media.!! 

In this study the coronary tree was examined an- 
giographically at necropsy to help in determining the 
cause of death and to localise areas of interest for 
sectioning. In our experience changing the injection 
pressure did not materially alter the degree of exist- 
ing stenosis, provided that adequate filling of distal 
epicardial vessels was achieved. On the other hand, 
failure to fill the arteries completely with injection 
medium can lead to the collapse of the histological 
preparations and the eventual overestimation of the 
degree of narrowing by planimetry. 

This study shows that in the majority of cases of 
sudden coronary death the proximal segments of the 
main branches of the coronary tree are more severely 
affected than the distal segments. Such findings may 


accord with the suggested importance of the role of 
haemodynamic factors in plaque formation. 

Atherosclerotic lesions were widespread in all the 
subjects in this study (even those not dying of is- 
chaemic heart disease). There was disease in most 
segments examined. Only 26 of the 1840 segments 
examined from the 92 subjects in whom death from 
ischaemic heart disease was confirmed had a loss of 
coronary artery cross sectional area X 1095. Only 56 
of the 600 segments from the 30 subjects who died of 
causes other than ischaemic heart disease had a loss 
of cross sectional area « 1095. Many of these histo- 
logically diseased segments had an angiographically 
normal appearance. 

'This study has shown that a considerable propor- 
tion of subjects with ischaemic heart disease who die 
suddenly have only single vessel disease and this 
group, particularly, might be considered to have a 
good prognosis if seen 1n life. All cases warrant full 
resuscitative efforts. This study and our previous 
one* provide further evidence that the same patholo- 
gical processes underlie sudden death from is- 
chaemic heart disease and unstable angina or 
evolving myocardial infarction.!? 


'This work was supported by a grant from the Scot- 
tish Hospital Endowments Research Trust. 
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Incidence, risk, and outcome of reintervention after 
aortocoronary bypass surgery 
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SUMMARY Reintervention was required in 123 (12%) individuals during a follow up (mean 7-5 
years, range 5-14-5) of 1041 patients with consecutive, isolated, first aortocoronary bypass 
operations. In 89 patients the intervention was a repeat bypass operation, in 24 it was angioplasty, 
and 10 had both. Procedure related mortality was significantly higher at reintervention (5:695) 
than at the primary operation (1-295). Survival probability after a single bypass procedure was 
90% at six years and 82(3)% at nine years. Corresponding figures six and nine years after rein- 
tervention were 89(6)% and 87(7)% respectively. Stepwise multivariate analysis showed that 
survival was significantly correlated with left ventricular function (rate ratio 1-82) and with extent 
of vascular disease (rate ratio 1-80) but not with reintervention (rate ratio 1-45). Symptomatic 


improvement occurred in 89% of the survivors with or without reintervention. 
Repeat procedures are often necessary after coronary artery bypass grafting but they appear to 
provide appreciable relief of symptoms without reducing any long term improvement in survival 


brought about by the original operation. 


Coronary artery bypass grafting has been used suc- 
cessfully to treat angina pectoris since 1968.! It is 
now clear that it is not a definitive treatment. Most 
patients experience an improvement in symptoms 
but this relief decreases with tme.?~* Both Cam- 
peau et al and Lytle et al reported an accelerated loss 
of graft patency after five years or more. 5 More- 
over, atherosclerosis is a progressive disease. As a 
result, reoperations after coronary artery bypass 
grafting are increasingly performed? ^? and angio- 
plasty has been introduced to improve myocardial 
blood flow either by dilatation of a stenosed bypass 
graft or by dilatation of an unbypassed narrowed 
native artery. 1? !! 

To assess the frequency of re-revascularisation 
achieved by re-grafting or angioplasty, we studied a 
group of consecutive patients who had isolated coro- 
nary artery bypass grafting before July 1980. We 
looked especially at symptomatic improvement after 
both these procedures, the timing, the procedure 
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related risk(s), and the probability of long term sur- 
vival with and without reintervention. 


Patients and methods 


PATIENT SELECTION AND CHARACTERISTICS 

We studied the 1041 patients who had undergone 
isolated aortocoronary bypass surgery at our hospi- 
tal between 1971 and July 1980. The indication for 
the original operation was angina pectoris 
unrelieved by the pharmacological treatment that 
was considered optimal at that time. Table 1 shows 
the clinical characteristics of these patients. Follow 
up data on this series of patients have been reported 
elsewhere.!? +? All reinterventions performed in this 
group of patients up to July 1985 are included. 
Before 1982 a reintervention meant a coronary 
artery bypass re-grafting, whereas after 1982 an 
angioplasty procedure was performed in selected 
cases. If more than one reintervention had been per- 
formed, the first was used as the data collection 


point. 


CATHETERISATION DATA 
A selective coronary angiogram was obtained in all 
patients before a procedure. A vessel was considered 
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Tablel Chmcal characteristics of patients at primary operation (n = 1041) and at the primary and repeat procedure in 


those who had reintervention (n = 123) 


a aaaea 


Patients eth reintervention 





Data Entire cohort at primary operation At Ist operation* At remtervention 
Men 915 (88%) 114 (93%) 114 (93%) 
Women 126 (12%) 9 (7%) 9 (7%) 
e 
n 50 360 (35%) 63 ae} 33 (27%) 
51-60 489 (47%) 53 43%) 66 54%) 
> 60 192 (18%) 7 (6%) 24 (19%) 
Mean 53 4T 49-7t 542 
Diseased: 
1 vessel 192 (19%) 25 20%) 11 (9%) 
2 vessels 320 (31%) 41 (34%) 19 (15%) 
3 vessels 444 (42%) 47$ (38%) 81 (66%) 
Left mam 85 (8%) 10$ (8%) 1 (10%) 
Ejection fraction: 5i (57%) 68% js 63%) 
20:55 95 D 71 
0 31-0 55 dani (2496) it: 3409 31 EM 
«0 30 2 (3%) 3 (3%) 3 GA) 
Unknown 166 (16%) 20 (16%) 11 (9% 
Validii 
class I 0 (096) — (0%) — (0%) 
II Subdivision 46 (37%) 1 1%) 
In 66 (54%) 69 (56%) 
IV unknown 11 (996) 53 (4396) 





*At primary operation of group with subsequent reintervenuon; tp < 0 001, entire cohort us reintervention group, tp < 0 005, entire 
cohort vs remtervention group; $p < 0 001, remtervention group at primary operation us at reintervention. 


to be diseased when a luminal narrowing of >50% 
was seen in more than one projection. Coronary dis- 
ease was classified as one, two, three, or left main 
vessel disease. At repeat catheterisation the bypass 
graft was injected selectively where possible. If the 
bypass graft could not be opacified and if the graft 
was found to be closed at operation or if the graft 
could be opacified but showed a narrowing of 
7 9094 the graft was regarded as a failure. We diag- 
nosed progression of atherosclerosis if at a later cath- 
eterisation a major artery showed an increase in 
luminal narrowing from a previously normal or 
<50% narrowed lumen to narrowing of >50% or 
from >50% narrowing to a total or subtotal 
occlusion. 

Jf a severely narrowed major vessel could not be 
bypassed at operation revascularisation was 
regarded as inadequate. A surgical procedure was 
considered to have been faulty if the bypass graft 
was either incorrectly placed on the intended artery 
or was placed on the wrong artery. 

Left ventricular angiography was performed in all 
patients. If the angiogram was technically satis- 
factory an ejection fraction was calculated. Ejection 
fractions of >0:55 were considered to be normal; 
those of <0-30 were called poor and those that were 
> 0.30 but < 0-55 were described as moderately 
decreased. 


ANGIOPLASTY 
In 1982 angioplasty procedures were first used at 
our hospital on patients with coronary artery bypass 


grafts. The technique of Gruntzig et al'* was used 
with a steerable balloon catheter inserted via the 
femoral route. Of the patients in this study group 14 
underwent dilatation of a narrowed or occluded 
bypass graft, 19 had dilatation of one or more native 
coronary arteries, and one had dilatation of a bypass 
graft and a native vessel in the same session. Indi- 
cations for the procedure were: symptoms of myo- 
cardial ischaemia in a patient in whom angiography 
showed that dilatation was feasible or a distal coro- 
nary vascular bed with poor run off which precluded 
surgical treatment (six cases). In the latter case only 
the ischaemia related vessel was dilated as an 
emergency measure!? because no alternative method 
of treatment could be used. 

A dilatation was regarded as successful when it 
resulted in clinical relief of the symptoms of 
ischaemia, when the residual stenosis was <50% of 
the luminal diameter and the mean pressure gradient 
across the stenosis, normalised for aortic pressure, 
had decreased to 0-30 of the original. The procedure 
was judged to have been successful in 25 (74%) 
patients. In one (3%) patient an emergency oper- 
ation was necessary; in five (15%) others coronary 
artery bypass grafting followed one week to seven 
months later. 


SURGICAL TECHNIQUE 

All patients in the study were originally operated on 
by the same team. In 1977 sequential grafting was 
introduced! and in 1983 topical cardiac cooling was 
replaced by cold cardioplegic arrest with St 
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Table2 Mean number of distal anastomoses per patient made at the primary operation tn the groups without and with 


subsequent intervention 


———————————————————————————————— 


No reintervention 


Reintervention later 








Vessels diseased at primary operation .Number of patients Anastomoses per patient Number of patients — Anastomoses per patient 
1 vessel 167 14 25 14 
2 vessels 279 23 4l 23 
3 vessels 397 34 47 33 
Left main 75 34 10 30 
Total 918 26 123 25 


Thomas’s Hospital solution for myocardial preser- 
vation.!? 

In all instances complete revascularisation was 
attempted. At the original surgical procedure a mean 
of 2:6 distal anastomoses were made (range 1-7). At 
the repeat operation vascularisation was improved in 
all but two patients. One of these was given an aortic 
valve prosthesis and the other underwent 
aneurysmectomy and mitral valve replacement. 


FOLLOW UP 

Follow up data were determined through the civil 
registry: 99% of the 1041 patients could be traced. 
Deaths from all causes were included in the analysis. 
A complete follow up of the group with a rein- 
tervention was possible. After a reintervention the 
treating physician or the principal investigator 
assessed the occurrence of symptoms in each 
patient. Angina pectoris was regarded as present 
after a procedure if the subject experienced chest 
pain with the same characteristics as before the 
operation. The New York Heart Association 
classification was used. 


STATISTICAL ANALYSIS 

Where appropriate the y? contingency test was used. 
The probability of survival was calculated by the 
Kaplan and Meier method.!? To determine whether 
a reintervention constituted a separate risk in long 
term survival, data were analysed by a stepwise non- 
linear algorithm of the Cox proportional hazards 
model.!??? For those patients who did not have a 
second procedure, we entered the appropriate data 
collected at the time of the original operation. Oth- 
erwise, the data were collected at the time of rein- 
tervention. 


Results 


Within follow up (minimum five years, mean 7:5 
years) 123 (1295) patients of the study population 
had a repeat intervention. The symptoms and vascu- 
lar lesions shown by these patients at the original 
coronary artery bypass grafting were similar to those 


of the 918 who did not have a reintervention 
(table 1). 

The patients with a reintervention were younger 
at the initial operation (49 7 years vs 53 4 years 
(p < 0:001)) and their left ventricular function, as 
expressed by ejection fraction, was better (table 1). 
The ejection fraction was normal in 84 (68%) of the 
123 patients who needed a reintervention; it was 
moderately decreased in 16 (13%). In the 918 
patients who did not have a reintervention at a later 
date 56% had a normal ejection fraction and 25% 
had a moderately decreased one (p — 0-002). 

The number of grafts implanted did not differ 
greatly in the two groups. Table 2 shows that a mean 
of 2-5 distal anastomoses was made in the rein- 
tervention group compared with 2-6 in the group 
without subsequent reintervention. 

No consistent data were available on established 
risk factors such as hyperlipidaemia and high blood 
pressure. Patients with these risk factors were 
treated appropriately. 


CHANGES IN THE REINTERVENTION GROUP 
Table 1 shows the characteristics of the 123 patients 
who needed a reintervention. There was a striking 
change in symptoms. Before the primary operation 
46 (37%) patients were in class II; at the time of the 
reintervention only one patient was 1n this class. The 
number of patients with angina pectoris at rest 
despite maximal pharmacological treatment (class 
IV) had increased from 11 (9%) to 53 (43%). 

Table 1 also shows that at primary operation 
slightly more than half the patients had one or two 
vessel disease (66 (54%) vs 57 (46%) with three ves- 
sel or left main disease). At reintervention this dis- 
tribution had changed significantly to 30 (24%) and 
93 (76%) respectively (p < 0 001). 


INTERVAL BETWEEN PROCEDURES 

The interval between the initial coronary artery 
bypass grafting and reintervention ranged from 1-5 
months to 12:5 years (mean 4 5 years). In the first 
postoperative year 23 patients (2 3% of the first year 
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TTable3  Anatonncal lesion at reintervention with time of occurrence of angina pectoris in months after the primary operation 








Angina pectoris after primary operation ( months) 


Findings No of patients 0-6 6-12 >12 Range (months) 
Graft failure alone 32 (26%) 22 5 5 21-36 
Graft failure and progression m grafted artery 24 (20%) ll 1 12 28-149 
Graft failure and progression in non-grafted arteries 

+ progression in grafted artery 42 (34%) 2 1 39 13-130 
Progression 1n non-grafted artery 15 (1295) — — 15 14- 96 
Technical shortcoming in first operation 5 (4%) 5 — — — 
Aortic valve stenosis 5 (4%) 2 — 3 21- 36 
Total 123 42 7 74 14-149 





survivors) underwent a reoperation. Figure 1 shows 
the cumulative number of patients with a rein- 
tervention. The number of patients needing a rein- 
tervention (11 per year) remained constant up to the 
tenth postoperative year. Angioplasty was gradually 
introduced several years after the intake of patients 
in the study group had stopped. 


ANATOMICAL LESION AT REINTERVENTION 

At reintervention the predominant finding was graft 
failure in 98 (80%) of the 123 patients. There was 
pure graft failure without changes in the native coro- 
nary vessels in 32 (26%) patients. In 24 (20%) graft 
failure was noted with progression of vascular 
lesions in the grafted artery and in 42 (34%) we 
found graft failure and progression of athero- 
Sclerosis in a non-grafted artery with or without 
progression in the grafted vessel (table 3). All 
intended grafts were functioning correctly in only 17 
(14%) of the 123 patients. Fifteen of these 17 
patients had progression of lesions in the non- 





4 5 6 7 8 9 10 11 12 13 
Years after primary operation 


Figl Cumulative number of patients with a 
retntervention (re-grafting, angioplasty, or both) 
versus interval since the primary bypass operation. The 
increase 15 constant from the second to the 10th 
postoperative year despite the decreasing number of 
patients at risk. PTCA, percutaneous transluminal 
coronary angioplasty. CABG, repeat coronary artery 
bypass grafting. 


grafted arteries and in two an aortic valve stenosis 
had developed with mean gradients across the valve 
of 75 and 90 mm Hg,. Three other patients with 
aortic valve disease also had failing grafts at 
reoperation. 

The failure rate of the grafts at a mean of 4-2 years 
after the initial operation in the patients needing a 
reintervention was 72% (226/312); the usual overall 
failure rate three years after operation at that time 
was 24%,74 


PERIOPERATIVE MORTALITY 

'The 28 day operative mortality after the primary 
coronary artery bypass grafting procedure was 1:2% 
(12/1041). After a reintervention 6:5% (8/123) of the 
patients died. Some patients needed a second angio- 
plasty or a surgical intervention after angioplasty. In 
total 142 procedures were performed (table 4), with 
a procedure related mortality of 5-6% (8/142). Mor- 
tality after reintervention was significantly higher 
than after the first coronary artery bypass grafting 
(p « 0 005). Most cases of perioperative death were 
caused by an acute myocardial infarction during, 
shortly before, or shortly after the procedure. 


LONG TERM SURVIVAL 
Figure 2 shows the probability of survival for the 


Table4  Mortahty related to reoperation and angioplasty 
in 123 patients with previous bypass surgery 





No of 
Type of tntervention procedures Mortality 
Surgical procedures 
d operation 91 6 (6 6%) 
Reoperation after unsuccessful 
angioplasty 8 — — 
operation 2 — — 
Total 101 6 (59%) 
Angioplasty procedures: 
Angioplasty after first 
operation 32 2 (6:395) 
Angioplasty after second 
operation 2 — — 
Second angioplasty 5 — — 
'Third angioplasty 2 — — 
Total 41 2 49%) 
Total reinterventions 142 8 5 6%) 
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Years after operation 
Fig 2 Probability of survival in the total group plotted 
against time after surgery. The number of patients alive at 
the end of each year 1s shown. The vertical bars are the 95% 
confidence interval. 
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entire group of 1041 patients after the primary coro-` 
nary artery bypass grafting. Five years after oper- 
ation survival was 92%, at six years it was 90(2)%, 
and at nine years it was 83(3)%. In those who had a 
reintervention the three year probability of survival 
was 98(2)%, at six years it was 96(3)%, and at nine 
years it was 91(6)%. After exclusion of the peri- 
operative mortality associated with the primary 
operation the probability of survival in the patients 
who did not have a reintervention was slightly lower 
than that in the patients who did (96(2)%, 91(2)95, 
and 83(3)% at 3, 6, and 9 years respectively). Figure 
4 shows the survival curve of the same patients start- 
ing at either the initial bypass operation or the first 
reintervention. The intervention related mortality is 
included. Thus the long term survival rate after a 
first revascularisation may be compared with that 


100 98(2)% 
100% 

x 95 
: 90 91(6)% 
3 8 © 83(3)% 
£g 
4 At risk: 
2 75 123 121 99 41 Reintervention 
ao 906 859 594 128 Non-reintervention 
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Years after operation 
Fig 3  Probabihty of survival for patients with and without a subsequent reintervention plotted against time 
after the imtial operation. Operative mortahty at original surgery is excluded. The number of patients awe 
at the end of each year is shown. The vertical bars are the 95% confidence tnterval. 
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Fig 4 Probability of survival after a first bypass operation and after a second procedure, plotted against 
tıme after either intervention. The number of patients in each group alwe at the end of each year 1s shown. 


The vertical bars are the 95% confidence tnterval. 
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Table5 Rate ratio from Cox's regression analysis of 
survival 








Factor Rate ratio p value 
Age at i 

Contnuous variable 1 02/yr NS 
Ser 

Men Reference category — 

Women vs men 112 NS 
Vascular disease: 

1 vessel disease Reference category — 

2,3, and LM vs 1 vessel disease 1 18 NS 

3 and LM vs 1 vessel disease 180 0-01 
Ejection fraction 

Normal Reference category — 

Depressed vs normal 1 82 0 0007 
Non-reintervention group Reference category — 
Re-intervention vs 

non-reintervention 145 NS 





LM, left main stem coronary artery disease. 


after a re-revascularisation. The initially high pro- 
cedure related mortality in the reintervention group 
gave a probability of survival to three years of 
91(5)%; the corresponding result after a first graft- 
ing procedure was 95% (this figure takes account of 
the perioperative mortality). The probability of sur- 
vival to six years was similar in the two groups: 
89(6)% and 90(2)%. The likelihood of survival to 
nine years in the reintervention group was 87(7)%. 


RELATIVE RISK OF REINTERVENTION 

'To discover whether reintervention poses a risk that 
is independent of other recognised risk factors such 
as preoperative vascular disease and reduced ejec- 
tion fraction, we performed a stepwise multivariate 
analysis. For the reintervention group we entered 
data collected at the time of the procedure. For 
patients without a reintervention we used the data 
collected at the primary operation. The rein- 
tervention was entered as a separate item. The 
results of the analysis are expressed as rate ratios— 
that is the death rate (number of events per unit of 
person-time of follow up) in a particular category 
divided by the death rate in a reference category, 
given that other characteristics entered in the sur- 
vival model are equal. Table 5 shows the rate ratio 
point estimates. The only statistically significant 
predictors of long term survival were the extent of 
vascular disease and the ejection fraction. The rein- 
tervention in itself did not carry an additional risk, 
all other factors being equal (the rate ratio of 
reintervention versus first revascularisation was 
1-45, NS). 


SYMPTOMS AT FOLLOW UP 

Just before reintervention 122 (99%) patients were 
either in class III or IV of the New York Heart 
Association classification. At follow up, a mean of 
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2-9 years after the reintervention (range 0-1—12:6 
years) none of the 107 survivors were in class IV, 14 
(13%) were in class III, and 45 (42%) were in class 
II. Overall, 49% (52 of the 107 survivors) still had 
symptoms of angina, but 89% felt definitely 
improved. Three years after operation 42% of the 
patients with one grafting procedure had anginal 
complaints; in 15% the symptoms were mild and did 
not limit daily activity. Eighty nine per cent of the 
reintervention group reported that they felt better 
after the procedure. Thus the frequency of angina 
pectoris was not significantly different in the group 
that had a reintervention and those that had only a 
primary operation. 


Discussion 


Jt was reassuring to find that the probability of sur- 
vival after a reintervention was not significantly 
different from that after the first coronary artery 
bypass grafting procedure. At first glance this seems 
to be inconsistent with tbe higher procedure related 
mortality at repeat intervention: 5:6% vs 1-294 for 
the first coronary artery bypass grafting. Loop et al 
from the Cleveland Clinic reported a higher peri- 
operative mortality rate at reoperation too.) They 
reported that operative mortality decreased from 
4-894 in the early years of the technique to 2% in 
1981 and 1982; this is still higher than the usual 
mortality rate for a first coronary artery bypass 
grafting procedure ( « 195). Forster et al compared 
operative mortality for repeat and initial coronary 
artery bypass grafting in the Coronary Artery 
Surgery Study registry. They reported that the risk 
was increased from 3-1% to 5-3% at reoperation.?? 
Yet we and other investigators found that survival 
after reoperation compared well with that after first 
coronary artery bypass grafting. In Loop et al’s 
series, overall five year survival was 89% in their 
first 750 patients. Reul et al reported a cumulative 
seven year survival of 82% in 168 patients who had 
a reoperation??; this is very similar to the survival 
rate of 84% at seven years that they reported for 
their entire revascularisation series of 13 049 cases. 

We found a high survival rate in patients who 
required a reintervention in the course of their dis- 


.ease. Six years after a bypass procedure 96 (3)94 of 


patients who had a reintervention were alive and 
91(2)% of those without a repeat procedure were 
alive. 

Selection bias may well be responsible for this 
result. Patients who later required reintervention 
were younger at the initial surgery and had better 
left ventricular function at that time; however, 
symptoms and preoperative vascular disease were 
similar in the two groups. Selection bias (at entry 
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patients who later had reoperation had different 
characteristics from those who did not) was found in 
the Coronary Artery Surgery Study too.2? More- 
over, to be selected for a repeat revascularisation 
patients must reach the hospital alive without other 
important disease. 

Despite the higher initial mortality associated 
with the repeat procedure, long term survival was 
the same after a repeat revascularisation procedure 
as after initial coronary artery bypass grafting. Sta- 
tistical testing in which the extent of vascular disease 
and left ventricular function were controlled for 
showed that intervention did not have an indepen- 
dent adverse influence on survival. 


REASON FOR REINTERVENTION 

Several factors may account for coronary artery 
bypass grafting being less successful than expected: 
faulty operative technique, early thrombotic 
obstruction of the grafts,?+?5 failure of the graft 
caused by fibrous intimal proliferation (generally 
occurring during the first postoperative year),?? 
graft atherosclerosis several years after coronary 
artery bypass grafting,?5 and progression of the ath- 
erosclerotic disease in the native coronary vascu- 
lature. All these factors were found in our series. 
One patient also had mitral valve insufficiency and 
five had aortic valve stenosis. These are unusual rea- 
sons for reintervention, but they were found during 
a follow up of consecutive patients. 

Early graft failure with persistent angina was seen 
in 18% (22/123) of the patients who had rein- 
tervention. There was recurrence of pain after an 
angina free interval of up to three years caused by 
pure graft failure in 8% (10/123). Progression of 
obstruction but with patent grafts was seen in 
patients who had symptoms more than a year after 
operation. Late recurrence of symptoms was related 
to progression of atherosclerosis in native arteries as 
well as in grafts. Hence, the timing of the occurrence 
of symptoms did not indicate their underlying cause. 


FREQUENCY OF REINTERVENTION 

Soon after coronary artery bypass grafting became a 
routine operation it was realised that some patients 
would require reoperation, but what proportion was 
not known. Loop et al assume that 7% of today's 
patients will undergo a reoperation in the next 10 
years.) Lawrie et al found a 9% reoperation rate 
during 10 years of follow up.?’ Others have reported 
reoperation rates as high as 33% in patients operated 
on between 1970 and 1975; this rate decreased, 
however, with more experience with these oper- 
ations.28 The reintervention rate of 12% in our 
study, during a mean follow up of 7-5 years, is dis- 
turbingly high. This may, in part, be related to the 
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effect of the learning curve. Undoubtedly, fewer 
grafts were implanted in the early 1970s than at 
present. Some workers argue that the greater the 
number of grafts that are initially implanted in a 
patient the less likely is progressive atherosclerosis 
to develop in previously ungrafted arteries and to 
become an indication for reoperation.??? In our 
study a similar number of grafts were inserted at the 
initial coronary artery bypass grafting in patients 
with and without a later intervention. 

The high reintervention rate in our population 
might also have been the result of increased 
progression of atherosclerosis in the grafts and 
native arteries. The overall survival of the total 
group of 1041 patients, which compares favourably 
with other series, however, argues against this. Five 
year survival in our study (92(2)%) resembles five 
year survival after surgery reported by Myers et al in 
the Coronary Artery Surgery Study,?? by Cosgrove 
et al at the Cleveland Clinic?! and by Varnauskas in 
the European Coronary Surgery Group?? (90%, 
93-296, and 92-4% respectively). The 10 year sur- 
vival of 79-3% in the Cleveland Clinic series?! 
accords with our result (79 (4)%). 

Lastly, the high reintervention rate might be 
inherent in the local referral process. The decision to 
use invasive treatment was not taken lightly— 
patients had severe symptoms before reintervention. 
Patients with unstable angina pectoris were referred 
by the cardiology service, whereas those with stable 
symptoms were referred directly to the surgical ser- 
vice. All patients entered the same register. This 
reintervention rate may more closely reflect the real 
position than a study based on referral to a distant 
centre for purely elective procedures. Moreover, our 
study included angioplasty procedures as rein- 
terventions. The cumulative graph of patients 
requiring a reintervention over time (fig 1) shows a 
steady rise in the number of patients needing a rein- 
tervention, despite the decrease in the number of 
patients at risk. The cause for the reintervention is 
clearly a continuing vascular disorder, which 
progresses with time. This increase may correspond 
with the accelerated loss of graft patency years after 
coronary artery bypass grafting as described by 
Campeau et al.*® 


ANGIOPLASTY VERSUS CORONARY ARTERY 
BYPASS GRAFTING 

The treatment results of coronary artery bypass 
grafting and angioplasty cannot be compared 
because only 34 patients had angioplasty. Twenty 
eight patients had the conventional indication for 
angioplasty—a localised lesion in a vessel without 
many collaterals—and 1n six the lesion was unsuit- 
able for surgical intervention. It was the treatment 
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of last resort for unstable angina unresponsive to 
intensive pharmacological treatment. In these 
patients the ischaemia related vessel was dilated as 
described by de Feyter et al.!5 Hartzler et al 
reported a success rate of 92% and a mortality of 
56% in a series of 500 patients with multivessel 
disease??; our success rate was lower (74%), as was 
our mortality rate of 49%. Nevertheless, angio- 
plasty is an alternative to coronary artery bypass 
grafting, both for dilatation of native vessels and 
grafted vessels.1° !! 


SUBJECTIVE CONDITION AT FOLLOW UP 
Complete relief of anginal complaints is reportedly 
achieved less often after a reoperation than after a 
first coronary artery bypass grafting. 1° In the 
present study this was not the case. We found that 
49% of the survivors had anginal symptoms after 
their reintervention; this resembles the results in 
patients three years after a single operation (42%). 
In a previous study of 53 patients with reoperations 
followed up for a mean of 3-5 years after the original 
operation we found that 68% of patients had 
angina.!? It is possible that the recent improvement 
has been brought about by increased experience. 

Loop et al found that 48% of patients had angina 
after reoperation whereas after a single operation 
only 25% had symptoms.® This last low percentage 
mught be caused by the use of a different method as 
Campeau et ai? found a recurrence rate of anginal 
complaints after a single operation that was similar 
to ours. 


LIMITATIONS OF THE STUDY 

Ours is not a prospective study nor did we perform 
serial cardiac catheterisation. Therefore, we do not 
know when atherosclerosis started in the bypass 
grafts. Moreover, data on risk factors, such as lipid 
spectrum and level of blood pressure were not 
recorded consistently at the start of the study. Thus 
it was not possible to correlate risk factors with the 
likelihood of subsequent reintervention. 

It is not uncommon for patients with coronary 
bypass grafts to require a reintervention because of 
severe angina. We found, however, that with the 
current techniques the long term prognosis is good. 
When the extent of vascular disease and left ventric- 
ular function are taken into consideration the sur- 
vival probability is as good as after a first bypass 
procedure, and there is a considerable improvement 
in symptoms after the procedure. 
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Clinical, haemodynamic, and antiarrhythmic effects 
of long term treatment with amiodarone of patients in 
heart failure 


JOHN G F CLELAND, HENRY J DARGIE, IAIN N FINDLAY, JOHN T WILSON 
From the Department of Cardiology, Western Infirmary, Glasgow 


SUMMARY ‘Twenty two patients with heart failure were studied in a double blind crossover trial 
to compare amiodarone (200 mg/day) with placebo. Each agent was given for three months. 
Extrasystoles and complex ventricular arrhythmias were common during ambulatory electro- 
cardiographic monitoring and during exercise testing at entry to the study. Breathlessness and 
tiredness as assessed by visual analogue scores and duration of treadmill exercise did not become 
worse during amiodarone treatment. During the placebo and amiodarone phases of the study left 
ventricular ejection fraction and cardiac index determined by first pass radionuclide ventricu- 
lography were similar, both at rest and during upright bicycle exercise. Exercise induced ventric- 
ular tachycardia was abolished and simple and complex ventricular arrhythmias observed on 24 
hour ambulatory monitoring were greatly diminished during amiodarone treatment. Three 
patients died, all suddenly, during the placebo phase. In two patients amiodarone was withdrawn 
after a further myocardial infarction in one and a worsening of symptoms of ventricular arrhyth- 
mia in the other. 

In contrast with other antiarrhythmic agents amiodarone is effective in suppressing ventricular 
arrhythmias in heart failure without causing adverse haemodynamic effects. Because frequent 
ventricular arrhythmias are known to be associated with a poor prognosis in heart failure, these 


data suggest that amiodarone may improve the poor prognosis in patients with heart failure. 


Most patients with chronic heart failure primarily 
caused by left ventricular dysfunction die suddenly, 
not from progressively worsening heart failure and 
pulmonary oedema!~? but presumably from ven- 
tricular arrhythmias. Asymptomatic ventricular 
arrhythmias are often found on ambulatory electro- 
cardiographic monitoring*? and several workers 
have noted an association between their occurrence 
and the poor prognosis of patients with heart fail- 
ure ^^ Thus there may be a place for anti- 
arrhythmic treatment in patients with heart failure 
and ventricular arrhythmias. The negative inotropic 
effects of many antiarrhythmic agents’~° could 
offset their antiarrhythmic effects.!? Moreover, class 
I antiarrhythmic agents have been ineffective in 
improving prognosis!! despite evidence that some 
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can reduce the frequency of arrhythmias in patients 
with hear: failure. 

Amiodarone, a class ITI antiarrhythmic agent, has 
a unique electrophysiological mode of action!? and 
in addition is a powerful coronary and peripheral 
vasodilator.!? !^ Although amiodarone also has been 
found to have acute negative inotropic effects!? !6 
when given in large intravenous doses, which may 
be due to a non-competitive adrenergic antagonism, 
this 1s less apparent during long term use.!? 

We know of no controlled studies on the long term 
effects of amiodarone in patients with heart failure. 
In the present study we have investigated the effects 
of medium term amiodarone treatment on symp- 
toms, exercise performance, left ventricular func- 
tion, and arrhythmia frequency in a double blind 
placebo controlled crossover trial. 


Patients and methods 


We recruited 22 patients (19 men) with heart failure, 
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present for more than six months, into a double 
blind crossover study with treatment phases (amio- 
darone or placebo) lasting three months. Ten 
received amiodarone as the first treatment and 12 
placebo. Both treatments were visually identical. 
The mean (SD) age of the patients was 56 (8) years, 
the median daily dose of frusemide was 120mg 
(range 40-200mg), mean (SD) end diastolic left 
ventricular dimension — 6:8(0-9)cm (normal 
«5:6cm), and mean (SD) fractional shortening 
14-3(1-5)% (normal » 2895). All had stable heart 
failure; 10 were in New York Heart Association 
functional class III and 12 were in class II. Sixteen 
patients were taking digoxin (median daily dose 
0:25 mg/day, range 0 0625—0 375), though all were 
in sinus rhythm. The diagnosis of congestive 
(dilated) cardiomyopathy in eight and ischaemic 
heart disease in 14 was established at cardiac cath- 
eterisation. Patients were selected because they had 
heart failure and not because they had serious symp- 
tomatic ventricular arrhythmias. 

Ten patients were taking captopril, which had 
been started at least three months before entry to the 
study (mean 11-8 months, range 4-31 months). 
Seven others had been taking amiloride and one spi- 
ronolactone for at least three months because hypo- 
kalaemia had developed while they were on 
diuretics. Amiodarone was adminstered in a dose of 
200 mg three times a day for seven days and 200 mg 
once a day thereafter. 


SYMPTOMS 

Before the study and at the end of each treatment 
phase symptoms of breathlessness, tiredness, and 
ankle swelhng were assessed by visual analogue 
Scores 


HEART RATE AND BLOOD PRESSURE 

Heart rate was counted from the apex beat and blood 
pressure was recorded in recumbent and standing 
positions with a Hawkesley Random-zero sphygmo- 
manometer. 


ELECTROCARDIOGRAPHY AND EXERCISE 
TESTING 

Ambulatory electrocardiography was performed for 
48 hours on a Medilog I system and analysed for 
isolated ventricular extrasystoles, complex ventricu- 
lar extrasystoles (bigeminy or two or more con- 
secutive beats), and ventricular tachycardia (three or 
more consecutive beats at > 120 beats/min). Results 
are expressed as events per 24 hours. A 12 lead elec- 
trocardiogram was also performed at each visit. A 
treadmill exercise test was carried out according to a 
modified Bruce protocol. The test was symptom 
limited. 
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RADIONUCLIDE VENTRICULOGRAPHY 
Radionuclide ventriculograms were obtained at rest 
and during upright bicycle exercise with a multi- 
crystal gamma camera (Baird Atomic System 77) 
and a one inch thick parallel hole collimator. After 
the injection of 300 mBq of technetium-99m counts 
were recorded at a framing interval of 40 ms (25 
frames/s) with the patient resting. A static image was 
obtained for background correction and exercise was 
started at a workload of 25 W, increasing by 25 W 
every three minutes until limited by symptoms. 
Images were acquired at peak exercise after a further 
injection of 500mBq of technetium-99m; counts 
were recorded at a framing interval of 20ms (50 
frames/s). All radionuclide ventriculograms were 
corrected for non-uniformity of field by a 
technetium-99m flood source and for image acquisi- 
tion during exercise for radiation background from 
the previous acquisition. The studies were then 
viewed as serial one second images and frames that 
included the left ventricle were displayed. A zone of 
interest representing the left ventricle was defined 
and a histogram of counts against time was dis- 
played. Because the left ventricular function of the 
study subjects was poor images of up to eight beats 
were often obtained before there was appreciable 
recirculation of radionuclide. 

Left ventricular ejection fraction was calculated 
from the standard formula: end diastolic counts 
munus end systolic counts divided by end diastolic 
counts minus background. Background was deter- 
mined by examining the histogram to identify those 
frames that occurred immediately before the appear- 
ance of the peaks and troughs that are typical of the 
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left ventricular counts. In our laboratory left ven- 
tricular ejection fraction measured by first pass 
radionuclide ventriculography correlates well with 
left ventricular ejection fraction measured by con- 
trast angiography (r = 0-86, n = 38). The end 
diastolic volume was obtained by applying a 21% 
isocontour to the end diastolic image. The volume 
was calculated by the Sandler-Dodge area-length 
method and 1n 17 subjects it correlated well with the 
results of contrast angiography (r = 0-9, standard 
error of the estimate 24ml). Intraobserver 
reproducibility for left ventricular ejection fraction 
is r = 0-99 (fig 1) and for end diastolic volume r = 
0 94 (fig 2). 


BIOCHEMICAL ANALYSIS 

Blood was taken at each visit for the measurement of 
serum urea, creatinine, digoxin, and electrolytes and 
also for plasma active renin concentration,” angio- 
tensin II,'® aldosterone,!? catecholamines,?? and for 
thyroid function at baseline and at the end of each 
treatment phase. Plasma amiodarone concentrations 
were measured 24 hours after the last dose of the 
drug. Pulmonary function tests were performed at 
baseline and at the end of each treatment phase. In 
addition, patients were assessed clinically at one, 
two, four, and eight weeks after each change of 
treatment. 


STATISTICAL ANALYSIS 

Order and period effects were excluded by com- 
paring the differences between observations for the 
amiodarone and placebo phases of the two groups by 
means of two-sample ¢ tests; results for the amio- 
darone and placebo treatment phases were com- 
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pared by Student's : test with log transformation if 
appropriate. Where sequential observations were 
made analysis of variance was applied. Correlation 
coefficients were calculated by the least squares 
method fo- normally distributed data. 


Results 


BASELINE 

At entry to the study six of the 22 patients recruited 
did not have an episode of ventricular tachycardia on 
48 hour electrocardiographic monitoring and eight 
had fewer than 30 ventricular extrasystoles per hour. 
'The median frequency of ventricular extrasystoles 
in 24 hours was 2487 per 24 hours and of episodes of 
ventricular tachycardia eight per 24 hours. During 
exercise all but one of the patients in whom asymp- 
tomatic ventricular tachycardia developed were 
limited by breathlessness or fatigue. Five other 
patients had episodes of self terminating: ventricular 
tachycardia during exercise testing. 

The radionuclide ejection fraction was 20 (9) % at 
rest and rose to 25 (10) 94 (p « 0-05) on exercise. No 
patient was hypokalaemic on admission to the study 
(3:8 (0-3) 13:5—4-6) mmol/l (mean (SD) and range)). 


REPRODUCIBILITY OF RADIONUCLIDE DATA 
The reproducibility of left ventricular ejection frac- 
tion was tested by correlating baseline and placebo 
data; it was accurate for both rest and exercise 
studies (figs 3 and 4). Cardiac output during baseline 
and placebo periods was consistent at rest but less so 
during exercise (figs 3 and 4). This lack of consis- 
tency could not be entirely accounted for by biologi- 
cal variability because the peak exercise heart rates 
during the two tests were similar. 


DOUBLE BLIND STUDY 

Symptoms 

'Table 1 shows that visual analogue scores for 
breathlessness and ankle swelling were unaffected by 
amiodarone, whereas tiredness showed a statistically 
insignificant tendency to increase. 


Heart rate and blood pressure (table 1) 

Both supine and upright heart rate were significantly 
lower on amiodarone. After seven days of treatment 
these two variables were significantly lower on amio- 
darone than on placebo (fig 5). Systolic blood pres- 
sure, supine or erect, was unaltered by amiodarone 
treatment, though diastolic blood pressure in the 
supine position alone was lower during amiodarone 
treatment. No difference in the heart rate or blood 
pressure response to amiodarone was noted in 
patients treated with captopril. 


Treatment with amiodarone of patients in heart failure 
Tablel Effect of amidarone on clinical signs and on ventricular arrhythmias in patients m heart failure 
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Variable Baseline Amodarone Placebo 
Weight (kg) 70 (10) 69 (9) 69 (9) 
Visual analogue scores (mm) 
Breathlessness 36 (21) 26 (14 29(1 
Tiredness 33 (15) 36(1 25(1 
Ankle swelling 3(3) 3 (4) 4(3) 
Blood pressure (mm Hg) 
Supine systolic 121(16 120 (17) 118(14) 
Supine diastolic 82(11 73 TE * 78 (9) 
Erect systolic 117(17) 118(18 do) 
Erect diastolic 88(10) 76(11 87 (13 
Heart rate (beats/min) 
Supine 81(10) 70 (10 2 79 2 
Erect 88(10) 76 (11 87 (13 
Ventricular arrhythmias (events/24 h). 
Extrasystoles Median 979 175} 900 
Mean 5268 580 3615 
11-35993 0-2397 1-17264 
Salvoes Mele 19 21 27 
Mean 100 23 101 
Ran 0-527 0-132 0-669 
Tachycardia Median 6 ot 9 
Mean 37 5 35 
Range 0-218 0-58 0-217 





*Recorded during ambulatory monitoring 
Except were stated, values are means (SD). 
*p < 005, tp < 001; tp < 0 001 compared with placebo values. 
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Fig3 Correlation of resting values at baseline and during 
the placebo period. Correlation coefficient and standard error 
of the estimate ( SEE) for (a) resting left ventricular 
ejection fraction (LVEF), (b) resting heart rate, and (c) 
resting cardiac output. 


Ambulatory monitoring (table 1) 

During amiodarone treatment there was a significant 
reduction in the frequency of isolated ventricular 
extrasystoles, complex ventricular extrasystoles, and 
ventricular tachycardia. There was no difference in 
arrhythmia control in patients with heart failure of 
differing aetiologies; but the groups may have been 
too small for any difference to become apparent. 


Exerctse testing 

During the baseline phase six patients had one or 
more episodes of non-sustained ventricular tachy- 
cardia during their exercise test. Mean (SD) exercise 
duration was 10-5 (42) minutes. There was no 
difference in mean exercise performance between 
the amiodarone and placebo phases of the trial 
(12:1(2-8) minutes on placebo and 12-8(3 0) 
minutes on amiodarone); however, while on amı- 
odarone two patients with ischaemic heart disease 
performed considerably better and no patient deteri- 
orated. Peak exercise heart rate and systolic blood 
pressure were unaffected by treatment. In three 
patients non-sustained ventricular tachycardia 
developed during the placebo phase but not during 
treatment with amiodarone. All patients were lim- 
ited by breathlessness or fatigue during this part of 
the study. No patient had chest discomfort, nor was 
any important ST depression seen. 


Radionuclide ventriculography (table 2) 

The increase in exercise time on amiodarone 
approached statistical significance (p < 0-07); in a 
few patients measured during the amiodarone phase 
the exercise time was considerably longer than dur- 
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ing the placebo phase. Heart rate and blood pressure 
responses were similar during the placebo and amio- 
darone phases. Rest and exercise ejection fractions 
were not altered by amiodarone, nor was the 
increase in ejection fraction during exercise. We 
found no change in regional wall motion scores and 
no differences between patients with heart failure 
caused by ischaemic heart disease and those in 
whom it had another cause. These groups may have 
been too small to show any real difference, however. 


Biochemistry (table 3) 

Concent-ations of serum sodium, potassium, urea, 
and creatinine were unchanged. Plasma concen- 
trations of renin, angiotensin II, aldosterone, and 
noradrenaline were also unchanged during amio- 
darone treatment. Serum digoxin rose significantly 
on amiodarone. Digoxin dosage had been reduced 
before the study to attain baseline concentrations at 
the lower end of the therapeutic range. À toxic con- 
centration of serum digoxin was not found in any 
patient and the dose of digoxin was not altered dur- 
ing the study. During amiodarone treatment serum 
triiodothyronine concentrations fell while the con- 
centration of serum thyroxine increased. Thyroid 
stimulating hormone concentrations also increased 
during amiodarone treatment. Plasma amiodarone 
concentrations were negligible during the placebo 
phase of the study. 


12 lead electrocardiogram (fig 5) 

Heart rate was reduced and QTc prolonged after one 
and twelve weeks’ treatment with amiodarone (fig 5). 
In most patients the PR interval did not increase. 


Table2 Haemodynamic variables (mean (SD) ) measured during rest and exercise by radionuclide ventriculography 








Variable Baseline Amiodarone Placebo 
Resting values 
Heart rate (beats/min) 85(12) 73 (13)* 80 (13) 
Systolic blood pressure (mm Hg) 113(21) 115(19) 115(16) 
Ejecuon fraction (96) 22 (13) 24 (12) 22(11 
End diastolic volume index (ml/m) 175 (61) 183 (75) 181(61 
End systolic volume index (ml/m) 142 (67) 145 146(64 
Stroke volume index (ml/m) 33(13) 38(12 35(11) 
Cardiac index (l/m) 28(12) 27(08) 28(09) 
Pulmonary transit ume (s) 92(26) 88(28) 92(55) 
ercise values 

Exercise duration (min) 61(19) 68(22) 58(24) 
Heart rate 127 (13) 15620] 131(18) 
Systolic blood pressure (mm Hg) 150 12) 156 (29 151(20) 
Ejection fraction (95) 26 (12 25 (12) 23 (14) 
End diastolic volume index (ml/m) 184 (70) 182 (62) 196 (62) 
End systolic volume index (ml/m) 140 (68) 140 (62) 156 (69) 
Stroke volume index (ml/m) 44 (15) 42(15) 39 (15) 
Cardiac index (l/m) 5-6(2 1) 5 1(1 8) 5 2(21) 
Pulmonary transit ume (s) 44(3 2) 43(29) 41(21) 


*p < 001 compared with placebo value. — ^ 
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Table3 Results of clinical bochemistry m patients in heart failure treated with annodarone 





Baseline Amiodarone Placebo 

Serum digoxin (nmol/1) 11(02) 19(04)* 13(02) 
Serum creatinine (4mol/!) 106(14) 103 (13) 99(18) 
Serum sodium (mmol/l) 137 (4) 140 (2) 139 (3) 
Serum potassium (mmol/l) 38(04) 39(03) 3 8(0 3) 
PARC (uU/ml) 

Median 133 134 226 

Mean 558 332 578 

Range 49-2565 5-1867 47-2768 
Plasma angiotensin II (pmol/1) 

Median 23 18 37 

Mean 35 50 50 

Range 6-124 2-111 11-103 
Plasma aldosterone (pmol/l). 

Median 430 294 382 

Mean 458 526 446 

Range 102-1234 174-1344 83-1271 
Plasma noradrenaline (nmol/l) 40 (06) 2 3(1 6) 36(1 5) 
Plasma amiodarone (mg/l) 08(0 3) 0 

Range 04-13 0-0 1 
Plasma desethylamiodarone (mg/l) 07(02) 0 

Range 04(13) 0-0 1 





PARC, plasma active renin concentration. 
Except where stated, values are mean (SD) 
*p < 0 01 compared with placebo values 


Table4 Effects of amiodarone on pulmonary function tests, thyroid function, and 12 lead electrocardiography in patients in 





heart failure 
Variable Baseline Amiodarone Placebo 
Pulmonary function tests 
FEV1 FYC (9$) 88(16) 93(15) 94 (11) 
"Total lung capacity (95) 97 (17) 97 (15) 100(15) 
Alveolar volume (1) 5 4(09) 5 4(1 0) 5 4(1 0) 
Transfer factor for carbon monoxide (%) 95 (23) 96 (14) 98 (18) 
Thyroid function tests 
Serum truodothyronine (nmol/l) 15(04) 11(02)* 14(04) 
Serum thyroxine (nmol/l) 96(18) 11122) f 98 (20) 
Serum thyroid sumulating hormone (U/ml) 2 4(1 3) 42 4)* 18(08) 
12 lead electrocardiography 
Heart rate (beats/min) 84 (11) 72(13)t 82(13) 
PR interval (ms) 178 (32) 193 (41) 184 (38) 
QT interval (ms) 345 (30) 404 (53)* 347 (26) 
QTc interval (ms) 405 (36) 448 (49)t 402 (28) 


FEV, FVC, ratio of the forced expiratory volume in one second to the forced vital capacity. 


*p < 0001, tp < 005, fp < 001 compared with placebo values. 


Pulmonary function testing (table 4) 
Tests of pulmonary function were unaltered by 
amiodarone. 


Clinical outcome 

Three patients died during the placebo phase of the 
study. All died suddenly with no prior worsening of 
symptoms. All three had both ventricular tachy- 
cardia on exercise testing and on 48 hour ambulatory 
monitoring. All three were taking digoxin; however, 
serum concentrations at the last clinic visit had been 
normal. One patient had a myocardial infarction 
during the amiodarone phase from which he made 
an uneventful recovery; this patient was withdrawn 
from the study. In one patient arrhythmias became 


much worse after a week on amiodarone and this 
patient was also withdrawn from the study. Sub- 
sequent treatment with flecainide caused severe 
heart failure; reintroduction of amiodarone at a 
lower dose (200mg once daily) has been partially 
effective in controlling his arrhythmias. In one 
patient episodes of 2:1 heart block developed on 
amiodarone and these were seen on ambulatory 
recording. Heart block resolved on placebo. Two 
patients with left bundle branch block showed no 
further deterioration in conduction on amiodarone. 
One patient developed limb paraesthesia without 
objective neurological signs; this disappeared spon- 
taneously during the placebo phase of the study and 
subsequently has not recurred on a maintenance 
dose of 100 mg/day. Good control of arrhythmias 
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Fig5 Sequential analysis (mean ( SD)) of QTc and heart 
rate after one and 12 weeks of amiodarone and after one week 
of withdrawal of active treatment. Analysts of variance 
showed a sigmficant (p < 0-01) change 1n heart rate and 
QTc. 


has continued. In each case the combination of cap- 
topril and amiodarone was well tolerated. 


Discussion 


Frequent ventricular extrasystoles are an ominous 
indicator of a poor prognosis in patients with 
chronic heart failure caused by left ventricular dys- 
function.?*^5 As yet there is no evidence that 
effective suppression of ventricular arrhythmias will 
prolong the life of a patient with heart failure. An 
appropriate, effective pharmacological agent is 
needed to investigate this possibility. Amiodarone is 
a class III antiarrhythmic agent with antiadrenergic 
activity?! that also has a mild direct negative 
inotropic action that is offset by systemic vaso- 
dilatation.?! The electrophysiological effects of long 
term oral amiodarone include an increase in the 
effective refractory period of both atrial and ventric- 
ular myocardium and prolongation of atrial and, to a 
lesser extent, ventricular conduction times.?? 23 
Amiodarone reduces sinus node automaticity and 
thus contributes to a reduction in heart rate.?? The 
A-H interval, and probably the H-V interval?? 2? are 
also prolonged during oral dosing. Amiodarone's 
antiadrenergic activity is non-competitive, affects 
both alpha and beta receptor actions, and is probably 
mediated by a reduction in receptor density or 
uncoupling of receptors from adenylate cyclase 
activity.2! 24 25 

As far as we are aware, no controlled studies of the 
long term safety and efficacy of amiodarone in sup- 
pressing arrhythmias in patients with heart failure 
have been reported. In a short term study in patients 
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with heart failure caused by Chagas's disease there 
was a mild transient fall in cardiac output and a rise 
in systemic vascular resistance and left ventricular 
filling pressure on amiodarone treatment. Other 
short term studies in patients with coronary artery 
disease without heart failure have shown an increase 
in cardiac output and fall in left ventricular end 
diastolic pressure." ^ Several studies have 
investigated the effects of long term amiodarone 
treatment in patients with severe left ventricular 
dysfunction?? 2?; though these studies have sug- 
gested little or no deleterious effect of amiodarone 
on left ventricular failure they have been uncon- 
trolled and it was not clear that the patients were in 
heart failure. 

In a double blind study we have demonstrated 
that amiodarone in a relatively low dose of 
200mg/day can appreciably suppress ventricular 
arrhythmias, both during ambulatory monitoring 
and during treadmill exercise testing, without wor- 
sening symptoms in patients with heart failure of 
New York Heart Association grade II-III. More- 
over, exercise performance and radionuclide ejec- 
tion fraction both at rest and during exercise were 
maintained. The negative inotropic effects of amio- 
darone might have been offset not only by systemic 
vasodilatation but also by coronary vasodilatation. 
In the presence of clinically inapparent reversible 
myocardial ischaemia, which may occur in dilated 
cardiomyopathy as well as in heart failure caused by 
ischaemic heart disease, the improvement in the 
myocardial supply:demand ratio by amiodarone may 
have maintained cardiac output and ejection 
fraction. 

Resting heart rate was reduced and QTc was pro- 
longed after only one week of amiodarone treatment, 
which suggests an early onset of electrophysiological 
action; these effects persisted throughout the 12 
week treatment period. The corrected QT interval is 
thought to correlate with plasma and myocardial 
concentrations of amiodarone???!; however, the 
above effects occurred at relatively low concen- 
trations of plasma amiodarone. In the eight patients 
for whom we have samples, plasma amiodarone con- 
centrations were quite low on a maintenance dose of 
200mg/day.?? There were several possible expla- 
nations for this. Firstly, patients may not have 
reached steady state concentrations because the half 
life for elimination of amiodarone is probably more 
than one month.?? Amiodarone has a rapid initial 
distribution phase,?? and as samples were taken 24 
hours after the last dose of amiodarone the measured 
concentration could have been appreciably lower 
than the maximum. 

The reduction in heart rate on amiodarone was 
accompanied by a small increase in stroke volume, 
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and because of this there was no change in resting or 
exercise cardiac output. A fall in systemic vascular 
resistance may have offset the slightly negative 
1notropic effect, but we did not demonstrate a reduc- 
tion in sympathetic activity or renin-angiotensin 
activity—plasma concentrations of renin and nor- 
adrenaline were unchanged. 


DRUG INTERACTION 

The concentration of serum digoxin increased by 
46%, in this study and similar results have been 
obtained by others??; symptoms of digoxin toxicity 
did not occur. This may have been because of the 
low initial serum digoxin concentration. The r:se in 
serum digoxin that we observed is unlikely to have 
contributed to the reduction in heart rate and the 
maintenance of left ventricular ejection fraction. 
Amiodarone has been used to treat digoxin induced 
arrhythmias.* Amiodarone caused no further 
significant decline in blood pressure when it was 
used in conjunction with captopril. This combina- 
tion seems well suited to the management of patients 
with heart failure who, as this study shows, com- 
monly have serious arrhythmias. The combined 
effect of captopril and amiodarone in raising serum 
digoxin®* should be noted, but otherwise we noted 
no other deleterious interaction. 


IMPORTANCE OE; VENTRICULAR ARRHYTHMIAS 
IN HEART FAILURE 

Many studies have shown that arrhythmias are indi- 
cators of a poor prognosis in heart failure? *5 and 
several] studies have also suggested that sudden 
death is the most common outcome.^ It remains to 
be proved that arrhythmias are indeed the cause of 
death, that these are sustained ventricular arrhyth- 
mias, and that they can be modified and death pre- 
vented by antiarrhythmic agents. Ambulatory elec- 
trocardiographic recordings obtained at the time of 
fatal cardiac arrests suggest that in about 75% of 
cases this is preceded by a sustained ventricular 
arrhythmia.’ Some researchers have related the fre- 
quency of these arrhythmias to the extent of left ven- 
tricular dysfunction?" ? and have suggested that, in 
dictating prognosis, the arrhythmias observed are of 
secondary importance to the haemodynamic state. 
Increased sympathetic activity,?? hypokalaemia,*? 
treatment with digoxin,*’ and myocardial cell 
abnormalities may also contribute to arrhythmias. 
The relatively poorer prognosis of heart failure 
caused by coronary artery disease compared with 
that caused by dilated cardiomyopathy? may also 
suggest that focal myocardial ischaemia is important 
in the aetiology of arrhythmias; however, sub- 
endocardial ischaemia, due to increased myocardial 
wall tension, can occur in any form of heart failure. 
Amiodarone has well documented coronary vaso- 
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dilator actions and these may help to reduce arrhyth- 
mias indirectly by improving myocardial perfusion. 
The suggestion that sympathetic inhibition has a 
beneficial effect on left ventricular function must 
remain speculative in view of the controversy over 
whether f adrenergic receptor blockade is helpful in 
heart failure.*? *? 

According to the Framingham study 4% of the 
population under the age of 75 will develop heart 
failure before death^* In Britain this would account 
for 60000 new cases of heart failure per year. In 
Scotland alone there were over 6000 deaths 1n 1983 
in which heart failure was a contributory cause (per- 
sonal communication, Registrar General, New Reg- 
istrar House, Edinburgh, Scotland). Though car- 
diac transplantation may be the most successful 
treatment for very poor left ventricular function, the 
problem is so large that transplantation 1s excluded 
in most patients. Patients with lesser degrees of 
heart failure also have a high annual mortality and 
alternative medical treatment is required to improve 
not only their symptoms but also their prognosis. 


EFFECTS OF TREATMENT 

The effect of an antiarrhythmic agent on the prog- 
nosis in heart failure has been investigated in 
another controlled trial! In that study pro- 
cainamide did not improve prognosis; however, the 
groups were not randomly allocated to treatment 
and the efficacy of arrhythmia suppression was not 
commented on. We are unaware of any previous 
study that has investigated concurrently the long 
term haemodynamic and electrophysiological effects 
of antiarrhythmic drugs in heart failure. Some anu- 
arrhythmic drugs such as disopyramide and 
flecainide seem to be unsuitable for use in heart fail- 
ure because of their negative inotropic action.” ? As 
agents such as f) blockers and verapamil have nega- 
tive inotropic effects, they too seem less attractive; 
however, there are reports of a beneficial effect of fj 
blockers in heart failure.*? *? 


SIDE EFFECTS 

Because amiodarone has a long half life the dose may 
require careful titration and the regimen may have to 
be altered even after long term treatment. Arrhyth- 
mias can become worse in patients on amiodarone,*? 
often with the first few doses; this is possibly a con- 
sequence of its class I activity.*° Therefore, careful 
patient monitoring is required initially. We have 
encountered patients who are intolerant of 
200 mg/day because of gastrointestinal side effects 
and rhythm disturbances, some require 
<100mg/day to control their arrhythmias. One 
patient in this study developed much more frequent 
arrhythmias on the loading dose of 600 mg/day but 
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after withdrawal from the study he improved on a 
dose of 200 mg/day. In another patient in this trial 
conduction disturbances developed at a dose of 
200 mg/day when the serum concentration of ami- 
odarone was only 0:5 mg/l. Patients with heart fail- 
ure may be more sensitive to the effects of ami- 
odarone. Left bundle branch block does not seem to 
be a contraindication to treatment, however, and 
this is confirmed by the experience of others.^? 

After three months’ treatment with amiodarone 
we noted a significant fall in serum triiodothyronine 
and rise in thyroid stimulating hormone, implying a 
mildly hypothyroid state. None the less, no patient 
developed clinical signs of hypothyroidism, which 
accords with the small increase in the concentration 
of thyroid stimulating hormone. The assay for thy- 
roid stimulating hormone is insensitive at low con- 
centrations, however, and this result should be 
interpreted with caution. We found no clinical or 
biochemical evidence of hyperthyroidism in this 
study. The mechanism by which amiodarone blocks 
the conversion of thyroxine to triiodothyronine has 
been reviewed elsewhere.*® Tests of pulmonary 
function were unaffected by amiodarone, perhaps 
because the duration of treatment was short.*? One 
patient developed symptoms suggestive of periph- 
eral neuropathy on 200 mg/day. After the study he 
continued to take amiodarone 100 mg/day with reso- 
lution of symptoms and continuing arrhythmia con- 
trol. These and other side effects of amiodarone have 
been well reviewed by Harris eta] and McKenna 
et a]. 5951 

In conclusion, amiodarone seems to be an 
effective treatment for arrhythmias in heart failure 
and does not worsen symptoms or exercise toler- 
ance. Its use in conjunction with captopril appears 
to be safe. Occasional patients may have worsening 
of their arrhythmias after amiodarone; this appears 
early after its introduction and close supervision is 
recommended to prevent adverse reactions. 


We thank Dr David Holt of the Poison's Unit, 
Guy's Hospital, London for measuring the plasma 
concentrations of amiodarone and Dr J J Morton of 
the Medical Research Council Blood Pressure Unit, 
Glasgow for measuring plasma concentrations of 
angiotensin II and vasopressin. We also thank 
Esther Henderson for her diligence in helping to 
complete this study and the typescript. JGFC was 
supported by a Medical Research Council Training 
Fellowship during this study. 
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Coronary disease, cardioneuropathy, and conduction 
system abnormalities in the cardiomyopathy of 
Friedreich's ataxia* 
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SUMMARY  Abnormalities of the heart are a frequent and possibly ubiquitous problem in patients 
with Friedreich's ataxia, but their pathogenesis is unclear. Postmortem findings are reported from 
the hearts of three patients with Friedreich's ataxia who died of congestive heart failure and atrial 
arrhythmias. Particular attention was paid to the following: the large and small coronary arteries, 
the nerves and ganglia, the conduction system, and the histological and cellular features of the 
cardiomyopathy. There were pleomorphic nuclei and focal fibrosis and degeneration throughout 
each heart including the conduction system. There were distinctive abnormalities of both large 
and small coronary arteries, and focal degeneration of nerves and ganglia. These observations 
suggest a mosaic concept for the pathogenesis for the cardiomyopathy of Friedreich's ataxia that 
involves the interplay of molecular faults, cardiomyopathy, cardioneuropathy, and coronary 


disease. 


In Friedreich's original description of the heritable 
ataxia that now bears his name he reported that five 
of his six cases showed clinical evidence of heart 
disease.! Although the existence of such heart dis- 
ease has been recognised for many years—and 
despite Friedreich's own experience—it has only 
recently come to be widely appreciated how often the 
heart is abnormal 1n these ataxic individuals. Cur- 
rent estimates in two large series of carefully studied 
cases suggest that between 90% and 100% of pa- 
tients with definite Friedreich's ataxia will have 
some demonstrable abnormality of the heart, 
whether or not any clinical cardiac manifestations 
have yet appeared.? ? 

Despite the continuing investigations of heart dis- 
ease of Friedreich's ataxia,*~ >! uncertainty about its 
pathogenesis remains. It is known that affected indi- 
viduals may develop cardiac hypertrophy of either 
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the symmetrical or asymmetrical type and with or 
without dilatation, that they eventually have 
progressively increasing congestive heart failure 
which is often the cause of death, and that their 
clinical course is characterised by the occurrence of 
arrhythmias and various other forms of electrical 
instability of the heart. But these clinical descriptive 
features are of little help in determining the funda- 
mental basis of the heart disease; and without that 
knowledge it will continue to be difficult to deter- 
mine prognosis or to develop optimal forms of 
treatment. 

Previous studies have unequivocally shown that 
the small coronary arteries are abnormal in patients 
who have cardiac disease and Friedreich’s 
ataxia © 8-12; but the functional significance of this 
finding has been challenged, particularly by Hewer!! 
whose findings have been widely quoted in virtually 
all subsequent reviews. In the present report we de- 
scribe our own findings in three patients, which sup- 
port the importance of small coronary artery disease, 
and show why we believe that Hewer’s personal ob- 
servations do in fact accord our findings. 

A second cardiac abnormality originally described 
by Dorothy Russell, who may also have been the 
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first to call attention to the coronary disease in her 
case 3, is a form of myocarditis which we believe is 
better regarded as a form of cardiomyopathy. While 
the cardiomyopathy is undoubtedly influenced by 
disease of the small coronary vessels, cardio- 
myopathy seems unlikely to be explained entirely by 
such disease. 

The third abnormality that is abundantly present 
is cardioneuropathy, which we believe is described 
for the first time in this report. A fourth component 
of our study deals with the conduction system of the 
heart, abnormalities of which help to explain the 
frequent manifestations of cardiac electrical in- 
stability in these patients. We believe that inter- 
dependent relations of all these factors form the basis 
for a mosaic concept of the pathogenesis of heart 
disease in patients with Friedreich’s ataxia. 


Clinical observations 


CASE 1 

This twenty year old white man was first found to 
have Friedreich’s ataxia at about the age of eight, and 
within two years intermittent heart failure that was 
responsive to treatment with conservative measures 
developed. Over the next decade his cardiac failure 
progressed only gradually, although several bouts 
were transiently severe. These were often associated 
with episodes of pulmonary infection. He was usu- 
ally in sinus rhythm with multiple atrial extra- 
systoles, but several bouts of atrial fibrillation were 
documented, especially in his last year of life. The 
terminal illness was characterised by an abrupt onset 
of severe hypotension accompanied by cyanosis and 
dyspnoea. It was briefly and incompletely responsive 
to treatment with digitalis, diuretics, and similar 
measures. He died eight days after the onset of 
hypotension. 


CASE 2 

A twenty two year old white man was first diagnosed 
as having Friedreich’s ataxia at the age of six. In the 
last five years of his life he had recurring bouts of 
atrial flutter and fibrillation that were eventually as- 
sociated with steadily worsening congestive heart 
failure. Several episodes of pulmonary infection 
complicated cardiac disease. During this time he 
complained of a dull substernal non-radiating pain, 
which lasted 10 to 15 minutes. It was often produced 
by emotional stress. He was too disabled to under- 
take any activity that was physically taxing. His final 
admission was for severe pulmonary congestion 
which became intractable and led to cyanosis and 
coma. He died the next day. 


CASE 3 
This twenty year old white man had Friedreich’s 


447 


ataxia with progressive cardiac failure for five years. 
There were intermittent bouts of atrial fibrillation 
Recurring episodes of pulmonary infection aggra- 
vated the cardiac insufficiency. During his last ad- 
mission the congestive failure was more severe and 
there was atrial flutter with partial heart block. He 
died quietly on the fifth hospital day. Other details of 
this case have been reported before.” It is included 
here after further assessment of the coronary disease 
and a special study of the nerves and ganglia of the 
heart, which were not a subject of the previous study 


Morphological observations 


In all three cases the heart was generally enlarged but 
not much dilated. Gross heart weights for cases 1, 2, 
and 3 were 470 g, 495 g, and 550 g respectively. All 
three cases had extensive pulmonary and other vis- 
ceral congestion, varying amounts of bron- 
chopneumonia, and histological evidence of 
spinocerebellar degeneration. Within the hearts 
there was no valve disease, the interatrial and inter- 
ventricular septa were intact, and there were no gross 





Fig 1 
dysplasia of the main right coronary artery shown at two 
magnifications (a and b). Verhoeff-van Gteson elastic 
stain. All magnifications are indicated by reference bars 


Photomicrographs showing focal fibromuscular 





Photomicrographs showing focal fibromuscular 
dysplasia of the sinus node artery at two magnifications (a 


Fig 2 


and b). This section and all subsequent sections are stained 
with Goldner trichrome unless stated otherwise. 


anomalies or malformations. In each case the peri- 
cardium was slightly fibrotic, especially in cases 1 
and 3, but there was no active pericarditis and there 
were no important adhesions. 

Because there was atrial arrhythmias in all three 
cases the sinus node, atrioventricular node, and His 
bundle were examined.*? ?? In addition to tissue re- 
moved for examination of the conduction system, we 
also examined four slices of left ventricle (minimal 
size 15 by 40 mm), four of right ventricle (at least 10 
by 40 mm), and two of left atrium (at least 5 by 25 
mm). The sinus node sections included considerable 
amounts of right atrium. At least 10 serial 2 mm 
slices of sinus node were available from each case. 
The sections of atrioventricular node and His bundle 
included at least 2 cm of both atrial and ventricular 
septal tissue, and for each case there were at least 
eight 2 mm slices cut serially from this region. From 
each of these tissue slices at least 10 serial sections of 
8 um thickness were prepared with the Goldner tri- 
chrome stain; additional sections were stained with 
the periodic acid Schiff, Verhoeff-van Gieson elastic, 
and congo red methods 
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Photomicrographs showing abnormalities of the 
small coronary artertes in branches of the atrioventricular 


Fig 3 


node artery. The lumen (asterisk) in (a) is narrowed by an 
intramural amorphous deposit and there is degeneration of 
the tunica media. (b) Only thin tunica media remains, with 
an even larger amorphous intramural deposit in the artery. 
This is shown at higher magnification in (c). The tiny 
lumen remaining is indicated by an asterisk. 


As part of the light microscopic examinations at 
least 400 colour photomicrographs were prepared of 
each of the three cases. Study of both these and the 
histological slides showed that the myocardial, neu- 
ral, and arterial lesions were similar in nature and 
distribution in each case. Black and white photo- 
micrographs from case 1 were then prepared; they 
are representative of all three cases. The important 
categories of abnormalities are the coronary disease, 
the cardioneuropathy, and the conduction system as 
well as a probably separate myocytopathy of the 
heart. 


CORONARY DISEASE 
In the previous report of case 3 an abnormality of one 
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Fig4 Photomicrographs showing staining of the 
amorphous intramural deposits in small coronary arteries by 
periodic acid- Schiff. In the tangentially cut artery (a) the 
deposit is marked with a white asterisk. There is one patent 
artery and one that is nearly occluded (b). These are 
shown at higher magnification (c). The dark 
Schiff-positive material is marked with a white asterisk. 


large coronary branch was briefly mentioned. This 
result, the description by Dorothy Russell of con- 
stricting atheromas in the large and small coronary 
arteries of her case 3 (a 21 year old man) and similar 
findings by Lamarche er al,'? and the recent report 
of clinically important coronary spasm in Fri- 
edreich's cardiomyopathy*” prompted a careful ex- 
amination of the large coronary arteries of our three 
cases. In addition to preparing cross sections at in- 
tervals of no more than 5 mm within all three major 
coronary trunks for gross examination, we examined 
histological sections taken from at least four equi- 
distant sites within the three main coronary arteries, 
beginning at the origin of each artery. In all three 
hearts we found three or more sites of narrowing 
without occlusion of two or more major coronary 
trunks (that is those that were at least 1:5 mm in 
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Fig 5 Photomicrographs showing material stained with 
periodic acid- Schiff stain without much associated 
degeneration in some vessels (a) and extensive association 
with medial degeneration, which is often but not always 
cystic in nature {b and c), in others. A small degenerating 
nerve is circled in (b). The artery in (a 
interventricular septum, the one in (6) is in the interatrial 


is in the 


septum, and the one in (¢) is near the sinus node 


diameter). At no point was there any coronary 
thrombosis nor any typical atheroma formation nor 
endothelial ulceration or fissuring. Although some 
stenotic lesions showed intimal proliferation, the 
principal cause of narrowing was focal fibromuscular 
dysplasia (figs 1 and 2). None of the large coronars 
arteries showed the special Schiff positive intramural 
lesion often found in small coronary arteries." 

A wide range of histological abnormalities have 
been reported in stenosis of the small coronary 
arteries." All types of these lesions were focal in dis 
tribution; for example serial examination of sections 
from the same small artery always disclosed some 
normal segments even when there was indisputable 
disease in another area (figs 3-6). The following his 
tological abnormalities were found: medial degener 
ation and fibrosis; intimal proliferation; focal 





Fig 6 Photomicrographs of three small arteries in the 
crista terminalis, all branches of the sinus node artery, 
showing a range of abnormalities. The two more distinctly 


abnormal ones are boxed in (a) and seen at higher 
magnification in (b). A subintimal deposit of material 
stained by periodic acid- Schiff reagent is evident in the 
artery to the left in (b) and smaller amounts are seen 
scattered in a neighbourtng artery. 


fibromuscular dysplasia; and either subintimal or 
medial deposition of an amorphous material stained 
by periodic acid-Schiff method. The last three ab- 
normalities all produced luminal narrowing. These 
four histological abnormalities were demonstrable in 
all of the three cases, and sometimes in different 
segments of the same artery (for example in the sinus 
node artery, atrioventricular node artery, or the long 
branches in the interventricular septum). 
Inflammation was rarely seen in the arteries and 
when it was it was only slight. 

So that we could compare our results with those of 
Hewer'! we examined at least 100 cross sections of 
coronary arteries from subserial sections of the inter- 
atrial and interventricular septa, like those that are 
routinely prepared for study of the atrioventricular 
node and His bundle. When we used Hewer's crite- 
rion of 750", narrowing of an arterial lumen as 
being ''functionally significant" (a point which we 
dispute), we found, as he did, approximately 9°,, of 
such narrowings. In these three cases lesions causing 
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Fig 7 Phctomicrographs showing two examples (a and b) 
of neural degeneration near the sinus node. Neural tissue is 
indicated bv open arrows. Amorphous intramural deposit 

within a small artery is indicated by curved arrow in (b). 


7» 50^, narrowing were found in 5", to 8",, of exam- 
ined sections of small arteries. When 100 con- 
secutively encountered cross sections of small 
coronary arteries of the left ventricular slices were 
examined, we found that only 3-5", showed narrow- 
ing of 250",. In all myocardial samples studied 
there were structural abnormalities of the small 
coronary arteries (not causing 50", narrowing) in 
35-40", of cross sections of arteries that were 
between 100 and 1000 um in diameter. Later we will 
explain why these lesions cannot be regarded as 
functionally insignificant. 

The nature of the Schiff positive material charac- 
teristically found in the small coronary arteries of 
Friedreich's cardiomyopathy is not known. We won- 
der why others do not appear to have sought this 
lesion. Morphologically it resembles deposits of am- 
yloid, but neither in the original description nor in 
specially prepared congo red stains of these three 
cases for the present report was there any specific 
staining for amyloid. Similarly, stains for fat or fibrin 
have been consistently negative. Small deposits of 
this Schiff-positive material were found rarely in a 
nerve or within myocytes, but the material was most 
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Fig 8 Photomicrographs showing haemorrhagic 
degeneration of a nerve (open arrow) in the sinus node (a) 
with one ganglion cell indicated by a black arrow. A 
degenerating nerve near the atrioventricular node is 
indicated by two open arrows (b). 





often and readily demonstrable in the small coronary 
arteries. Dr Alexander Nadas kindly gave us the 
opportunity of examining sections of the original 
case of Nadas er al." The stenotic lesions in the small 
coronary arteries also contained Schiff positive 
material. As in our own cases, however, the Nadas 
case also had other histological lesions that narrowed 
the small coronary arteries but did not contain Schiff 
positive material. 


CARDIONEUROPATHY 

We especially studied nerves and ganglia in the con- 
duction system, where they are abundant. In all 
three hearts there was extensive focal degeneration of 
the myelinated and unmyelinated nerves and the car- 
diac ganglia (figs 5, 7, and 8). Some of these examples 
were associated with a moderate degree of round cell 
infiltration whereas others showed principally frag- 
mentation and necrosis without much cellular re- 
sponse. In addition to the neural lesions that were 
easily demonstrable within and near the conduction 
system we found similar neural abnormalities within 





Fig 9 Photomicrographs showing focal fibrosis (a) in th 


posterior papillary muscle of the left ventricle. (b) Fibre 
disarray intermingled with some fibrosis within the 
interventricular septum. 


both the right and left ventricular myocardium. Be 
cause we studied at least 10 serial sections from every 
tissue block we could be certain that the neural le- 
sions were focal. Relatively normal nerve tissue was 
often present 30 or 40 um away from an extensively 
diseased area. Interruption of a nerve at any point 
can be functionally important for the entire nerve 
We did not use special stains to determine whether 
the observed neural lesions occurred in sympathetic 
or parasympathetic nerves. Special silver impreg 
nation stains have no significant advantage over thc 
demonstration of cardiac neural structures with the 
Goldner trichrome stain.'*^ Because most ganglia 
within the heart are considered to be components of 
the vagal system, we assume that the lesions of gan- 
glia occurred in parasympathetic units. Local nerves 
were included in some regions of myocardial degen- 
eration, but cardioneuropathy was also often found 
as isolated degeneration with no neighbouring myo- 
cardial disease. In cross section small coronary arte- 
ries characteristically have paired nerves flanking 
them,** especially in the atria. Although there were 
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juxta-arterial lesions of nerves accompanying some 
arterial lesions, the two abnormalities were often 
found separately, that is neural lesions were found 
away from arteries and abnormal arteries had local 
nerves of normal appearance. 


CONDUCTION SYSTEM 

There were distinct and consistent abnormalities of 
the conduction system in all three hearts. In each the 
sinus node (figs 2, 5, 6, and 8) was more affected than 
the atrioventricular node or the His bundle. There 
were focal narrowings of local arteries both in the 
sinus node and the atrioventricular junctional re- 
gion, and cardioneuropathy was also found at both 
sites. Within the three sinus nodes there was focal 
degeneration and fibrosis, attributable in part to the 
coronary disease but also separate from it. For exam- 
ple, the bizarre pleomorphic nuclei seen in myocytes 
outside the conduction system were also present 
within it, particularly in the sinus node. The His 
bundle was generally intact in all three cases and was 
the least affected component of conduction system. 
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In case 2 focal degeneration in the atrioventricular 
node almost equalled that seen in the sinus node, but 
in cases | and 3 the atrioventricular node was only 
slightly affected. Since all three cases had clinically 
significant atrial arrhythmias, the presence and ex- 
tent of disease in the sinus node and adjacent atrial 
myocardium must be interpreted as being func- 
tionally important. 


CARDIOMYOPATHY AND MYOCYTOPATHY 

None of the three hearts showed hypertrophy of 
more than moderate degree, nor was hypertrophy 
asymmetrically distributed. There were occasional 
examples of disarray of myocardial fibres (fig 9), but 
no more than is readily found in almost any form of 
cardiac hypertrophy. The two principal histological 
abnormalities of myocardium were focal fibrosis 
with and without accompanying degeneration, and 
wide distribution of bizarrely shaped pleomorphic 
nuclei (figs 10 and 11) present in both the ventricular 
and atrial myocardium. Both the fibrotic degener- 
ation and the bizarre pleomorphic nuclei were em- 





Fig 10 Photomicrographs showing pleomorphic myocardial nuclei (two indicated with open arrows in (a)) in the 
interventricular septum near the atrioventricular node. Periodic acid- Schiff stain. 
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Fig 11 


Photomicrographs showing other pleomorphic 
nuclei from the same region as in fig 10. Note the giant 
nucleus in (b). Periodic acid- Schiff stain. 


phasised by Russell.5 Although she referred to these 
features collectively as myocarditis, the implication 
for some workers (though not her, of course) that an 
infection was somehow involved suggests that it 
would be better to use some other term. The non- 
committal and non-specific term, cardiomyopathy, 
seems suitable, with special emphasis upon the un- 
usual nuclear features in these cases (figs 10 and 11). 

As with the cardioneuropathy, there was no con- 
sistent spatial relation between observed neural or 
arterial lesions and those of the myocardium. There 
can be little doubt, however, that some and possibly 
much of the focal myocardial degeneration was caus- 
ally related and attributable to some of the focal 
arterial lesions that severely narrowed or obliterated 
those arteries. An assessment of the functional 
significance of the cardioneuropathy is complicated 
by the fact that neural abnormalities in the extrac- 
ardiac nerves or the spinal cord or brain could also 
have profound effects upon the myocardium. 


Discussion 


The findings in these three cases, the clinical features 
of which are representative of most reported experi- 
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ences with Friedreich's cardiomyopathy, lead to a 
reasonable multicomponent concept of the patho- 
genesis of the disease. These components include 
disease of both the large and small coronary arteries 
but especially the small ones, cardioneuropathy 
(nerves and ganglia), and cardiomyopathy (focal 
fibrosis plus intracellular, especially nuclear, abnor- 
malities of myocytes). In the conduction system 
these three components could combine to produce 
the cardiac electrical instability found in Friedreich's 
ataxia. These components suggest why the heart be- 
comes enlarged and eventually fails, why arrhyth- 
mias and conduction disturbances are so common, 
and why there is often an inexorably downhill clin- 
ical course with death within the first two or three 
decades. 


CORONARY DISEASE 

For many years coronary disease has been suspected 
in patients with Friedreich's ataxia for some obvious 
reasons. They often complain of chest pains. Their 
electrocardiograms often show widespread inversion 
of T waves. They often have palpitation, arrhyth- 
mias, syncope, and sudden death. None the less, 
there is not simply a continuing dispute as to the 
importance of coronary disease in Friedreich's 
cardiomyopathy—most reports and reviews of the 
subject dismiss the coronary lesions as not func- 
tionally significant, largely on the basis of Hewer's 
interpretations.'' The occurrence of lesions in the 
small coronary arteries, which Hewer and many oth- 
ers have now documented, is not disputed.^ ^*. 1° '? 
Two factors will help clarify this matter: they are an 
examination of the history of such studies and a 
specific critique of the Hewer study. 

Although she did not emphasise the finding, Rus- 
sell found atheroma in two of her four cases and she 
commented that in one (her case 3) both the large 
coronary arteries and their branches were con- 
stricted but not occluded.* Whether these lesions 
were caused by atheroma or some other narrowing 
process is uncertain. Their occurrence in such young 
individuals (in her cases ages 12 and 21 years), how- 
ever, makes one suspect some non-atheromatous 
process. In describing Russell's studies Hewer wrote 
that she **does not mention any microscopical abnor- 
mality of the cardiac vessels". This is not true. The 
next major contribution was that of Nadas and his 
colleagues who first illustrated unequivocal lesions 
of coronary arteries, which they interpreted cau- 
tiously but correctly. Unfortunately, they did not 
make it clear that the reported lesions were in the 
small rather than the large coronary arteries—we 
have confirmed this finding in the samples that they 
allowed us to study. 

Because of the Nadas report and in view of the 
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widely recognised electrocardiographic abnormal- 
ities, interpreted by some as representing myocardial 
ischaemia and even infarction, Boyer et al studied 33 
cases of Friedreich's cardiomyopathy for which 
there was necropsy information on two of the eight 
that died. It was clear from their report that they 
were seeking large coronary lesions of the type often 
associated with conventional myocardial infarction, 
and they found coronary atherosclerosis “without 
lumen occlusion" in one of the two necropsy cases, 
a 25 year old woman. Based upon clinical evidence, 
mainly electrocardiograms (there were no coronary 
arteriograms), they concluded that coronary disease 
was not the basis of Friedreich's cardiomyopathy. 
But they did not examine the small coronary arteries 
in the two necropsy cases, or at least they did not 
report that they had. Since then the clinical im- 
portance of coronary spasm has come to be widely 
accepted, including its occurrence in Friedreich's 
cardiomyopathy.?? Thus it is possible that some of 
the "insignificant" lesions in the large coronary 
arteries may have been erroneously dismissed. 

The study reported by Hewer in 1969 is often 
cited as providing the definitive answer.!! From a 
review of 27 cases he concluded that lesions causing 
narrowing of the small coronary arteries were indeed 
present but "that the vast majority of cardiac arteries 
are not obviously narrowed"; this is a misin- 
terpretation of his own findings to which we will 
return. He further concluded that the coronary nar- 
rowing that he did find was secondary to involution 
of cardiac muscle, although little evidence is 
presented to support this interpretation. If he exam- 
ined any of his sections with the periodic acid-Schiff 
stain, for example, he does not report it. He does not 
explain how this unusual and perhaps unique lesion 
in Friedreich's cardiomyopathy could be secondary 
to involution of cardiac muscle or how such a process 
could lead to focal fibromuscular dysplasia or other 
structural lesions. It is at least as plausible to inter- 
pret irivolution of muscle as being due to coronary 
disease as the reverse. 

But the conduct of the Hewer study itself is more 
fundamentally flawed. Most subsequent reviewers 
describing the cardiomyopathy of Friedreich's ataxia 
refer to his 27 cases, but Hewer was able to examine 
tissue from only 16 of these cases. Neither the 
amount or nature of the tissue or its source in the 
heart is described for these 16 cases and it is uncer- 
tain whether he had one slide or more, whether wet 
tissue was included for special staining, whether the 
sample came from representative areas of any given 
cardiac chamber, or how well preserved and suitable 
for any sort of study some of these archival samples 
were. He had three (not the often quoted 27) whole 
hearts to examine, and he made bread loaf slices of 
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them to obtain a large segment of myocardium from 
which to do his 100 count examinations. Con- 
ventional ventricular sections prepared with cuts 
perpendicular to the epicardium are suitable for ex- 
aminations of right ventricular or atrial coronary ar- 
teries, where most of the small branches run parallel 
to the epicardium, but not for the left ventricle or 
interventricular septum where such cuts would lie 
parallel to the major course of most small coronary 
arteries.?? Though this limited Hewer's sampling 
opportunity, his subsequent count of 100 con- 
secutively encountered cross sections of arteries does 
provide the data he sought although it may not be 
representative of all regions of the heart. 

His use of the 100 count approach was then en- 
cumbered by the arbitrary criterion that a narrowing 
was regarded as functionally significant only if 
>50% of the lumen was affected. This makes no 
allowance for postmortem shrinkage of hearts in 
which the vessels were not fixed in distension (which 
would have led to an overestimate of lesions) nor for 
the possible importance of spasm in diseased arteries 
with < 50°; narrowing (which would underestimate 
significance). Most of the coronary branches that 
regulate flow are of the size being considered (100 to 
1000 um in diameter) and observed abnormalities of 
their walls cannot be dismissed simply because 
they do not cause 50%, narrowing of the lumen at 
necropsy. 

Small arteries of the heart are not simply passive 
conduits. To regulate coronary flow they must not 
only have an adequate lumen but they must also be 
capable of responding appropriately to neu- 
rohormonal signals for dilatation or constriction as 
metabolic and functional needs require. Structural 
disease of such vessels may be expected to distort 
significantly their responses to either neural or hor- 
monal influences, so that they would be unable to 
dilate or to constrict when they should. Some of the 
examples we report here (figs 3-6) as well as figs 7 to 
9 in Hewer's own study could hardly be expected to 
behave in a physiological manner, whatever the 
degree of luminal narrowing may have been. 

The most serious error in the Hewer study is his 
interpretation that 91^; of arteries were normal, or 
conversely that only 9°, had significantly narrowed 
lumens. His data do not represent arteries per se, but 
only cross sections of arteries. What he observed was 
that 9°, of such cross sections were significantly 
narrowed, which tells us about only a thin section of 
a comparatively long artery. In the human left ven- 
tricle such arteries are regularly 20 to 30 mm long, 
and in the interventricular septum they are often 
longer.?? The sinus node artery is frequently 50 to 
100 mm long in the normal adult human heart.?' A 
study with 8 um sections to assess the patency of 
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such arteries would require several thousand sec- 
tions per artery. Even with Hewer’s 30 pm slices one 
would need over one thousand sections to assess the 
patency of such arteries. 

An obstructing lesion (50% or even 100% oc- 
clusion) need not be very long, but 1t would eliminate 
all distal flow in that vessel. If such a lesion were 100 
um long (some of the pronounced narrowings we 
Observed in serial sections were shorter than that), an 
observer would have only one chance in several hun- 
dred sections of a 30 or 40 mm (30 000 to 40 000 ium) 
artery of finding such a lesion; Hewer reported that 
he found lesions 1n 9% of the arteries that he exam- 
ined. This is at least several times more than would 
'be expected by chance alone. We do not dispute the 
accuracy of his observations which we were able to 
confirm, but his interpretation is wrong. Hewer in 
essence made a two dimensional analysis of a three 
dimensional problem. 

In addition to the significant lesions in small coro- 
nary arteries we should probably reconsider the 
findings in the large coronary arteries. Several pre- 
vious observers have found “atheroma” of major 
coronary arteries but have regarded them as not clin- 
ically significant because the lumen was not obstruc- 
ted (sic). 7"? We can no longer think of larger 
coronary arteries as simply passive conduits either. 
Not only is spasm of the large coronary arteries an 
accepted clinical entity but it has been found in a 
patient with Friedreich’s cardiomyopathy.?? Thus 
the entire coronary tree must be suspect in the 
pathogenesis of heart disease in patients with 
Friedreich's cardiomyopathy. 


CARDIONEUROPATHY 
To our knowledge this is the first study of abnormal- 
ities of the nerves and ganglia of the heart in Fri- 
edreich's ataxia. Extracardiac neural abnormalities 
(not studied here) may also contribute to dis- 
turbances of cardiac rhythm or conduction or re- 
polarisation, as well as contractility and coronary 
tone. They apparently are responsible for labile hy- 
pertension in some patients with Friedreich’s 
ataxia.?6 

One of the most familiar clinical features of Fri- 
edreich’s cardiomyopathy is widespread inversion of 
T waves in the electrocardiogram. Possible expla- 
nations must include the known focal degeneration 
and fibrosis in the myocardium, some but certainly 
not all of which may be related to disease of the small 
coronary arteries. Another explanation, however, 
may be neural disease both within and outside the 
heart. Neural control of the heart profoundly 
influences almost every component of its function, 
but it is especially effective upon the processes gov- 
erning repolarisation and thus the appearance of the 
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ST segment and T wave.?? 

Cardioneuropathy may also affect myocardial con- 
tractility. The 1nevitable regional variations in the 
neural inotropic influence may be the basis of some 
of the unusual changes 1n segmental wall motion or 
other ventricular contractile abnormalities described 
in Friedreich’s cardiomyopathy !37 16 20 27-29 


CARDIOMYOPATHY 

There is not much dispute about the general nature 
of the myocardial lesions: hypertrophy of fibres, 
widely scattered focal degeneration and varying de- 
grees of fibrosis, and the unusual nuclear abnormal- 
ities first described by Russell. Hypertrophy of 
the heart is generalised, as are each of the myo- 
cardial lesions. Hypertrophy 1s sometimes asym- 
metrical!? 7 !5; but this 1s the exception rather than 


.the rule. As discussed previously,® it seems reason- 


able to attribute some of the focal degeneration and 
fibrosis in the myocardium to narrowing lesions of 
the small coronary arteries. The association with fo- 
cal lesions in the sinus node that we saw ın all three 
of the present cases coupled with focal pronounced 
narrowing of branches of the smus node artery 1s 
particularly persuasive since all three patients had 
documented atrial arrhythmias. Neither the patho- 
genesis nor the functional significance of the bizarre 
pleomorphic nuclei is apparent. 


A MOSAIC CONCEPT OF PATHOGENESIS 

The indisputable lesions of both the small and large 
coronary arteries, the demonstrable abnormalities of 
the nerves and ganglia, and the changes seen 1n the 
myocytes are three components in a mosaic concept 
of the pathogenesis of Friedreich’s cardiomyopathy 
(fig 12). All three abnormalities probably have some 
influence on each other. For example, sufficient nar- 
rowing of the arteries—whether by a visualised 
structural lesion or by intermittent spasm—can 
cause focal ischaemia not only of myocytes but also 
of nerves and ganglia. Such focal neural ischaemia 
may distort responses by the heart to extracardiac 
neural influence generated either by intermittent 


ELM 
el eme 


eea 


Fig 12 The multifactorial nature of abnormalities in 
Friedreich’s cardiomyopathy 
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reflexes or by more sustained disease of the type 
intrinsic to Friedreich's ataxia. Neural injury may 
also be the source of either excitatory?? or 
depressive*® cardiogenic reflexes. For example, la- 
bile hypertension observed in Friendreich’s ataxia?” 
could have its origin within the heart.?? From a gen- 
eral assessment of the areas of focal degeneration and 
fibrosis of myocardium it seems unlikely that these 
can be entirely attributed to the arterial lesions, but 
some must be. Further studies in vivo, such as thal- 
lium scans and assessment of coronary reserve, are 
needed to determine how much of the myocardial 
abnormality is the result of ischaemia, which is 
largely attributable to the functional behaviour of the 
small coronary arteries.*! ^ *? 

In one study of 14 patients with Friedreich's car- 
diomyopathy thallium scans showed abnormal 
myocardial perfusion in every case.?? Although the 
workers did not interpret their findings as being 
caused by abnormal coronary flow, claiming that in 
their own experience the large and small coronary 
arteries did not show "significant atherosclerotic in- 
volvement", their previous morphological study 
actually demonstrated mild to moderate disease of 
the small coronary arteries in each of their three 
cases.!? Therriault et al offer no convincing 
alternative explanation?" but we agree with 
others*? 4347-49 that the most logical cause of func- 
tional abnormalities in such thallium scans is 
abnormal small coronary arteries. 

Hypertrophy and myocytopathy of the heart in 
Friedreich's ataxia can also partially be attributed to 
a compensatory response to recurring focal is- 
chaemia, but the prevalence of bizarre nuclei within 
the myocytes suggests some more fundamental fault, 
perhaps in intracellular metabolism. Whether the 
cardioneuropathy contributes to myocardial hyper- 
trophy depends upon several factors. If the nerves 
affected are of sympathetic origin then during any 
excitatory phase of the disease they may release 
sufficient local noradrenaline to produce hyper- 
trophy.°°5! Later, when the nerves may be de- 
stroyed or inactive, the focal loss of a positive 
inotropic influence may lead to abnormal local stress 
which could end in compensatory hypertrophy. 
Overactivity of local nerve endings could even lead 
to fibromuscular dysplasia of the small or large coro- 
nary arteries, as was suggested for the myocardium. 
If such focal fibromuscular dysplasia has its origin in 
some non-neural process it may nevertheless make 
the local area supplied by the affected artery over 
responsive to either normal or increased neural 
influence. 

All three of these pathogenetic components con- 
verge in the cardiac conduction system and particu- 
larly the sinus node. There one finds abnormally 
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narrowed arteries, degenerated nerves and ganglia, 
and pleomorphic nuclei in abundance. Since atrial 
arrhythmias are common in patients with Fri- 
edreich's cardiomyopathy (all three of our cases), 
this added physiological stress brought about by dis- 
ease within the conduction system could even be 
considered a fourth component in the pathogenesis 
of Friedreich's cardiomyopathy. 

Only by cencomitantly considering all of the arte- 
rial, neural, and myocardial facets of this complex 
disease can any reasonable synthesis be made of the 
pathogenesis of Friedreich's cardiomyopathy. In 
different cases the individual contributions of these 
components will undoubtedly vary both in size and 
tuming. Ultimately, of course, we must seek further 
for the various postulated molecular faults which 
may be responsible,! " ?! ^?* but it is perplexing how 
a single or closely related group of such molecular 
faults could account for such diverse components in 
this pathogenesis. If there is a common thread, as 
indeed there may be, it is not yet apparent. 


'This work was supported in part by the National 
Heart, Lung and Blood Institute (H-7108 and HL 
11,310) and 5y the State of Alabama Program for 
Research on Sudden Death. 
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Suppressor T lymphocyte function in patients with 
idiopathic congestive cardiomyopathy 
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SUMMARY Suppressor T lymphocyte function was examined in 11 patients with idiopathic con- 
gestive cardiomyopathy and in 11 age and sex matched patients with a similar degree of heart 
failure resulting from ischaemic heart disease. Suppressor T lymphocyte function was also 
assessed in a control population of 11 normal subjects. Suppressor T lymphocyte function was 
reduced in both groups of patients with heart failure but not significantly, and a wide range of 


suppression was demonstrated in all groups. 


These data do not support the hypothesis that there is a defect in T lymphocyte ‘function in 
patients with congestive cardiomyopathy, but they do suggest that there may be a non-specific 
reduction in T lymphocyte suppressor function associated with heart failure in general. 


The aetiology of idiopathic congestive cardio- 
myopathy is, by definition, unknown and is likely to 
represent the end stage of several different patho- 
genic mechanisms.! ? The possibility that immuno- 
logical abnormalities may affect the pathogenesis of 
some cases has received much attention in recent 
years.! *^ There have been reports of impaired sup- 
pressor T lymphocyte function in patients with con- 
gestive cardiomyopathy and this could be the result 
of a quantitative or a qualitative abnormality.? ° 
Such a defect might be determined genetically by 
predisposing an individual to viral infection, myo- 
carditis, and subsequent development of cardio- 
myopathy.’ This hypothesis has not, however, been 
accepted by all workers? and some studies have 
shown no specific abnormality of T lymphocyte 
function in congestive cardiomyopathy.? 

These doubts regarding the role of immunological 
abnormalities in the pathogenesis of congestive car- 
diomyopathy prompted a study to determine 
whether patients with congestive cardiomyopathy 
have a defect of suppressor T lymphocyte function 
that is specific to their disease. 
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Patients and methods 


PATIENTS 

Eleven patients with idiopathic congestive cardio- 
myopathy (according to the classification of Good- 
win and Oakley)! that was confirmed by cardiac 
catheterisation, coronary angiography, and left ven- 
tricular endomyocardial biopsy were studied and 
compared with eleven individually age and sex 
matched patients who had congestive cardiac failure 
of ischaemic origin, also confirmed at cardiac cath- 
eterisation. We also studied eleven healthy controls 
recruited from hospital staff with no personal or 
family history of ischaemic heart disease. 

The severity of congestive cardiac failure and the 
treatment regimens were similar in the patient 
groups (table). All patients in the heart failure 
groups were being treated with digoxin and war- 
farin. Ejection fractions were determined by vol- 
umes derived from end systolic and end diastolic 
frames acquired at left ventricular cine- 
angiography.!? 


METHODS 

Lymphocytes were separated from heparinised 
blood by density gradient centrifugation.!! Sup- 
pressor activity was induced by culturing cells with 
concanavalin A (con A) at two concentrations—30 
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Table Data on the groups of patients and controls that 
were studied 


Congestive Ischaemic Healthy 
cardiomyopathy heart disease — controls 
Age(yr)(mean(SD)) 47(13) 52(10) 44 (16) 
Ejection fraction 
(mean (SD)) 0 32(0 12) 029(012 — 
Average daily dose 
offrusemide (mg) 69 73 — 
(range 40-120) (range 40-120) — 
Number of patients 
taking vasodilators 7 8 — 
Number of subjects 11 11 ll 





and 10 pg/ml—and incubating them for 48 hours at 
37°C in a humidified atmosphere containing 5% car- 
bon dioxide. Parallel cultures in medium alone pro- 
vided the control cells. The cell division of 
suppressor cells was inhibited by treatment with 
mitomycin C (2-5 ug/10$ lymphocytes). Three nor- 
mal healthy adults (responders 1, 2, and 3) were used 
as the source of responder cells. Lymphocytes from 
responders were incubated with suppressor cells in 
medium alone or with phytohaemagglutinin (PHA) 
25 ug/ml in ratios of suppressor to responders of 2:1 
and 1:1. Cultures were incubated in triplicate for 
three days at 37°C in a humidified atmosphere con- 
taining 59, carbon dioxide. Sixteen hours before 
harvesting 0-6 uCi of [H]thymidine was added to 
each culture and uptake of label was measured as 
disintegrations/minute (dpm) in a scintillation coun- 
ter. Percentage suppression was calculated by the 
formula: 


lo xli- dpm responder cells + PHA + con A treated cells 
dpm responder cells + PHA + control cells 

where dpm = mean uptake by stimulated cultures 

minus mean uptake by unstimulated cultures. 





STATISTICAL ANALYSIS 

Analysis of variance was used to assess the statistical 
significance of differences between the groups; 
p<0-05 was taken to indicate statistical 


significance. 
Results 


There was a wide variation in the percentage 
inhibition produced by suppressor cells tested with 
cells from different responders. This variation was 
most pronounced in both patient groups (fig 1). 
Figure 2 shows the wide range of suppression in 
all groups; this was more pronounced in the patient 
groups. Initial experiments indicated that for opti- 
mum reproducibility suppressor cells should be 
induced with concanavalin A; however, use of 
different concentrations of concanavalin A (30 and 
10 pg/ml) made no difference to the range of sup- 
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concanavalin A at a ratio of suppressor to responder cells of 
2:1 with each of the three responders. CCM, congestive 
cardiomyopathy; IHD, ischaemic heart disease. 
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Fig 2 Percentage suppression produced by (a) 30 ug[ ml 
concanavalin A and (b) 10 ug/ml concanavalin A ata 
ratio of suppressor to responder cells of 2.1 (responder 1). 
CCM, congestive cardiomyopathy; IHD, ischaemic heart 
disease. 
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Fig 3 Percentage suppression produced by 30 pg/ml 
concanavalin A at a ratio of suppressor to responder cells of 
1:1 (responder 1). CCM, congestrve cardiomyopathy; 
IHD, ischaermc heart disease. 


pression seen. There were no significant group 
differences between the controls and patients with 
congestive cardiomyopathy (p = 0-63 at 30 pg/ml; 
p = 0 08 at 10 ug/ml) or between patients with con- 
gestive cardiomyopathy and ischaemic heart disease 
(p = 0:23 at 30 pg/ml; p = 0:64 at 10 pg/ml), but 
there was a significant difference between controls 
and patients with ischaemic heart disease at both 
concanavalin A concentrations (p=0-01 at 30 
ug/ml; p = 0-02 at 10 pg/ml). 

When different responders were used we also 
found the same trend towards lower mean sup- 
pression in the heart failure groups with no 
significant difference between those with congestive 
cardiomyopathy and those with ischaemic heart dis- 
ease. Use of a cell ratio of suppressor to responder of 
1:1 rather than 2:1 also resulted in a wide range of 
suppression within each group; again this was more 
pronounced in the two patient groups (fig 3). At this 
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ratio (1:1) there were no significant differences 
between any of the groups. 


Discussion 


Abnormalities of cellular immunity are known to 
occur in heart diseases such as rheumatic fever,!? 
Chagas's disease,’> and even in association with 
ischaemic heart disease.!* Whether these abnormal- 
ities are pathogenic, however, remains unclear. It 
has been suggested that the normal cell mediated 
immunological process is in some way deficient in 
congestive cardiomyopathy? !5; attention has been 
directed towards the immunoregulatory function of 
T lymphocytes and a quantitative or qualitative 
abnormality of the ratio of helper to suppressor T 
lymphocytes has been suggested.°~’ Suppressor T 
lymphocytes regulate helper T lymphocytes and 
thereby influence antibody production and cell 
mediated immunity.'® Failure of suppression by 
suppressor T lymphocytes has been demonstrated® 
in patients with congestive cardiomyopathy but not 
in patients with ischaemic heart disease. This 
finding has led to the hypothesis that B lymphocyte 
activity, autoantibody formation, and cell mediated 
immunity may be abnormal in patients with con- 
gestive cardiomyopathy." A report that lymphoma 
developed in six of 37 patients who had cardiac 
transplants because of congestive cardiomyopathy in 
contrast with nonc of 54 patients who had cardiac 
transplants because of ischaemic heart disease was 
believed to add weight to the suggestion that 
impaired suppressor T lymphocyte function was of 
aetiological importance in congestive cardio- 
myopathy.! A deficiency of suppressor activity was 
demonstrated in only one of the six patients with 
lymphoma, however. 

We found a statistically non-significant trend for 
suppression in patients with congestive cardio- 
myopathy to be lower than in normal controls; there 
was a similar trend in patients with ischaemic heart 
disease when compared with controls, which 
reached statistical significance on two occasions (at 
concanavalin A concentrations of 10 and 30 pg/ml 
with cell ratio of suppressor to responder of 2:1) but 
with only one of the three responders. No statisti- 
cally significant difference in percentage suppression 
was demonstrated between congestive cardio- 
myopathy and ischaemic heart disease at either con- 
centration or ratio. No significant abnormality of 
suppressor T lymphocyte function was found in 
congestive cardiomyopathy and the trend towards 
lower suppression in patient groups suggests a non- 
specific abnormality related to illness. Other studies 
have failed zo confirm an abnormality of suppressor 
T lymphocyte function specific to congestive 
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cardiomyopathy?! or ischaemic heart disease." 


Low suppressor T lymphocyte activity has been 
demonstrated, however, in myocarditis.5 Does this 
represent a primary immunological defect 
responsible wholly or in part for pathogenesis or 
does it merely reflect a secondary phenomenon of 
heart disease? The possibility that medication or 
chronic illness per se may affect T lymphocyte func- 
tion must be considered; this may account for the 
similarity in results between the two patient groups 
in this study with a reduction in suppression in both 
groups. ; 

Immunological response, including suppressor T 
lymphocyte function, changes with age. 
ages of study groups are therefore important and 
sometimes are not given in published reports. Even 
in a study in which low suppressor activity has been 
demonstrated in a group of patients with congestive 
cardiomyopathy, normal individual controls may 
show variation in suppression from 0% to 1009.5 
Shou: ef al demonstrated important variation 
between individuals and in some cases they were 
unable to demonstrate suppressor activity at all.?° 
Use of different responder cells in this study has 
highlighted this variability even in normal subjects. 
A study of change in suppressor T lymphocyte 
activity with time in patients with congestive cardio- 
myopathy, other heart diseases, and normal controls 
may clarify the role of suppressor T lymphocyte 
function and the variability in results of reported 
studies. 

The ratio of suppressor to responder cells is also 
important—the greater the ratio the better—as is the 
length of incubation period during generation of 
suppressor cells.!? Initial experiments in our labora- 
tory indicated that optimum reproducibility 


occurred with induction of suppressor cells with. 


concanavalin A and stimulation of responder cells by 
phytohaemagglutinin. — 

Using this assay we have not been able to demon- 
“strate an innate suppressor T lymphocyte defect 
which is specific to congestive cardiomyopathy. 
Poor cardiac function (resulting from either cardio- 
myopathy or myocardial ischaemia), however, may 
be associated with abnormalities of suppressor T cell 
function. 
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SUMMARY The late outcome in 226 patients who survived surgical repair of aortic coarctation 
was assessed 15-30 years after operation. Twenty six patients died during the follow up mainly 
from causes related to surgical repair or to associated cardiovascular anomalies. The survival rates 
of patients operated on between the ages of four and 20 years are 97%, 97%, 92% at 10, 20, and 
30 years after operation. For patients operated on after the age of 20 the corresponding rates are 
93%, 85%, and 68%. This difference is statistically significant from the fifteenth year of follow 
up onwards. The survival of patients operated on before the age of 20 is not significantly different 
from that of a comparable general Italian population. Recoarctation occurred in only 8% of 
patients who had end to end anastomosis, whereas it occurred in 35% of those who had other 
types of operation. Two thirds of the patients were hypertensive at the last visit. The actuarial 
curve shows that blood pressure was normal in most patients 5-10 years after operation, but 30 


years after coarctation repair only 32% of patients are expected to be normotensive. 
Thus early repair of aortic coarctation appears to improve long term survival. Intervention in 
older patients and when blood pressure is high seem to be the most important predictors of late 


hypertension. 


Forty years after the first successful operation for 
the relief of aortic coarctation! there is still contro- 
versy about the optimal age and the most suitable 
technique for the repair of this anomaly.?~* Long 
term morbidity and mortality remain high, with 
complications and deaths being mainly the result of 
associated cardiovascular lesions, infective endo- 
carditis, and residual or recurrent coarctation and 
hypertension.*~7 

We have analysed the long term results of a large 
group of patients operated on in our institution 15 to 
30 years ago. 


Patients and methods 


PATIENTS 
Two hundred and forty four patients (163 male and 
81 female) were operated upon from 1954 to 1969 in 
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our department. In all patients the diagnosis had 
been confirmed by angiography. Two hundred and 
twenty six patients left the hospital and were fol- 
lowed for 15-30 years (mean 20 years). Resection 
with end to end anastomosis had been performed in 
170 patients; Clagett's operation? (end to end anas- 
tomosis of the left subclavian artery to the 
descending aorta) in 25; a prosthetic tube graft had 
been inserted in 24; and three required a patch 
repair. Four patients had an operation of another 
type. 

Patients were aged 4—48 years (mean 20) at oper- 
ation. Their age at last examination ranged from 19 
to 65 years (mean 40). 

Twenty six patients died and 17 were lost to 
follow up. Forty patients could be contacted only by 
telephone. The remaining 143 were assessed in our 
department. 


METHODS 

Blood pressure ın the arm was measured by a stan- 
dard sphygmomanometer with a cuff that was 14 cm 
wide and 48cm long. Systolic pressure in the legs 
was measured in either the popliteal artery by means 
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of a cuff that covered at least two thirds of the thigh 
or in the posterior tibial artery by a cuff that covered 
at least two thirds of the calf. 

An electrocardiogram and chest xray were 
obtained in all 143 patients who were reassessed in 
our department. Twenty: patients had left heart 
catheterisation and angiography because recoarcta- 
tion or additional cardiovascular anomalies were 
suspected. Patients aged > 30 years were regarded as 
hypertensive when their systolic blood pressure was 
2160 mmHg or the diastolic pressure was >95 
mm Hg or both. In those aged between 19 and 30 
years hypertension was defined as a systolic pressure 
of >150 mmHg or a diastolic pressure of >90 
mm Hg or both.? !? All patients on antihypertensive 
treatment were regarded as having hypertension. 

Recoarctation was diagnosed when the pressure 
gradient between arms and legs was >20 mm Hg at 
rest or > 30 mm Hg after exercise.!! !? Fifteen of the 
17 considered to have recoarctation consented to 
cardiac catheterisation; this confirmed the clinical 
diagnosis in all except two of the patients who had a 
gradient of « 20 mm Hg. 

Standard actuarial methods were used to calculate 
cumulative incidence rates.!? Cumulative actuarial 
curves of survival were constructed for our patients 
and these were compared with the actuarial survival 
curves of the Italian population in the years 
1967—69. We also compared our results with the sur- 
vival curves reported by Campbell in patients with 
coarctation who were not treated by operation.!* 

The actuarial curves of postoperative blood pres- 
sure were constructed from the patients’ personal 
medical records and history. Those with 
recoarctation were excluded. The prevalence of 
hypertension in our population was compared with 
that in the Italian population.!? Hypertension is 
more common in males than in females and also 
increases with age. Because the distribution of age 
and sex in our patients was different from that in the 
Italian population we have adjusted the crude 
(observed) hypertension rates of our patients 
according to the age and sex specific rates of the 
general Italian population, using the indirect stan- 
dardisation of rate,!® to give the expected rates. 

We used the y? test to compare the observed and 
expected data. Between group comparisons were 
made by the two tailed test of proportion. 
Differences of p < 0-05 were regarded as significant. 
Data are presented as mean (SEM). Qualitative vari- 
ables were compared by means of a multifactorial log 


linear model.!? 


Results 


LATE MORTALITY 
Twenty six patients died 1-30 years (median 12 
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years) after the operation at a mean age of 39 years 
(range 15-53 years). Three patients died of causes 
related to the surgical repair. Two had had a Cla- 
gett’s anastomosis; one of them died 16 years after 
surgery of a ruptured aneurysm of the thoracic aorta 
and the other died of bleeding at the site of anas- 
tomosis after a reoperation 10 years after the first 
operation. The third patient, in whom a long 
coarctation had been replaced by a prosthetic tube 
graft, died of endocarditis a year later. 

Seven patients died of coronary heart disease at a 
mean age of 38 years; four died in cardiac failure 
because of associated cardiac lesions. Two patients 
died suddenly. Three patients, two of them with 
recoarctation, died of a cerebrovascular accident. 
Two patients died in motoring accidents and in five 
cases the cause of death is unknown. The mean age 
at operation was 25 (1 45) years in the patients who 
died and 19 (0-67) those who survived (p < 0:02). 

'The type of surgical repair seemed to affect late 
survival. Only 6-394 of the patients who had had end 
to end anastomosis died, whereas 23% of those who 
had had other kinds of operation died (p « 0-01). In 
patients aged > 20 years at operation, 10% of those 
who had an end to end anastomosis and 36% of 
those with other kinds of operation died (p « 0-05); 
thus the type of operation remains an important 
additional independent risk factor even in patients 
who were older at operation. 

The distribution of age adjusted mortality rate (fig 
1) shows that most late deaths after the intervention 
occurred between the fourth and the fifth decade; in 
Campbell's study mortality rates reached a peak two 
decades earlier in patients with coarctation that was 
not treated by surgical repair.!* 


e——e Normal subjects 
o— Patients with coarctation 
o—o Patients with coarctation repar 





% Of deaths 





Age at death (years) 


Fig 1 Distribution of death by age of subjects with 
coarctation, of subjects with coarctation repair, and of the 
general population. The curves on the left and right are taken 
from Campbell.'* The middle curve shows the distribution of 
death in our patients with coarctation repair These curves 
have been adjusted for age. 
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SURVIVAL 

Thirty years after operation the actuarial survival is 
78 (6)% (fig 2). In patients aged 4—20 years at oper- 
ation survival is 97%, 97%, 92% at 10, 20, and 30 
years after operation. For those operated on after the 
age of 20 the corresponding rates are 93%, 85%, and 
68%. The difference between the two curves 
becomes statistically significant from the fifteenth 
year of follow up onwards. 

'To evaluate the influence of age on mortality, we 
have compared the survival at 15 and 30 years of our 
operated patients with the survival curves of the 
general Italian population (fig 3). The patients were 
divided into four groups according to their age at 
operation: group 1, 4-14 years; group 2, 15—24 
years; group 3, 25-234 years; group 4, 35—48 years. 
Up to 15 years after the operation survival was not 
significantly different 1n the four groups of operated 
patients and in the general population. At 30 years, 
survival was significantly worse in groups 2 
(p < 0 003) and 3 (p < 0-00047) than the general 
population. None of the 17 patients in the oldest age 
group (group 4) had died within 30 years of oper- 
ation. This group is not included in fig 3, however, 
because the number of patients was too small for 
valid statistical analysis. 

Patients who had an operation for coarctation 
lived longer than those who did not, but they did not 
have the life expectancy of the general population 
(fig 4). The percentage of survivors at the end of 
each decade up to the age of 30 equals that of the 
general population. But survival later decreases; 
however, the pattern of the curve remains similar to 
that of the general population. 

Most survivors of surgical repair live normal lives: 


*& Survival 


o—o < Dyears after operation 
e——e Total 
o——o ?20years after operation 





Y 726 205 202 96 "m 3 
5 LU 15 20 ?5 30 
Years after operabon 


Fig2 Actuarial curves of patients excluding deaths in 
hospital. The middle curve shows the actuarial survival of all 
the patients. The upper and lower curves relate the chance of 
long term survival to age at operation. Absolute numbers are 
given on the horizontal axis. 
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Fig3 Survreal of patients at 15 and 30 years follow up 
divided into three groups (group 1, 65 patients; group 2, 

67 patients; group 3, 60 patients) according to age at 
operation. The survival was compared with that of the 
general Italian population (ISTAT data for 1967—69)!9 of 
the same age group and for the same period of follow up. 


8194 are in New York Heart Association functional 
class I, 15% in class II, and 4% in class III. 


ELECTROCARDIOGRAM 

The electrocardiogram was normal in 48% of the 
patients (68/143). Twenty one had signs of left ven- 
tricular hypertrophy; 10 of them had systemic 
hypertension, two had recoarctation, four had aortic 
valve disease, and five were normotensive without 
any associated anomaly. Fifteen patients had com- 
plete left bundle branch block and 15 had complete 
right bundle branch block. Two patients had a pace- 
maker because of complete heart block; both of them 





Fig4 Percentage of the subjects still alive at the end of each 
decade. The curve on the right (normal subjects) and the 
curve on the left (subjects with coarctation) are taken from 
Campbell!* and the curve in the middle 1s drawn from our 
data. 


Long term results (15-30 years) of surgical repair of aortic coarctation 


had severe aortic valve stenosis. Two patients had 
atrial fibrillation; one had ventricular septal defect 
and the other had mild aortic stenosis. One patient 
had a Wolff-Parkinson-White pattern; in 19 cases 
only non-specific ST-T changes were recorded. 


ASSOCIATED ANOMALIES 

The presence of associated abnormalities was diag- 
nosed mostly on clinical and echocardiographic 
grounds. In a few patients the diagnosis was 
confirmed by cardiac catheterisation. Thirty eight 
(44%) of the 86 patients in whom either a cross sec- 
tional echocardiogram or an angiogram was obtained 
had evidence of a bicuspid aortic valve. Fourteen 
(9:895) of 143 had moderate to severe aortic valve 
stenosis or insufficiency or both. Three patients had 
an aortic valve replacement 16-20 years after 
coarctation repair and four patients are awaiting 
operation. The seven remaining patients are being 
followed up. 

There was clinical and echocardiographic evi- 
dence of mitral regurgitation in four; in two of them 
it was due to a mitral valve prolapse. À small ventric- 
ular septal defect was detected in two patients and 
another patient (aged 56) has a ventricular septal 
defect with a 2 8:1 shunt and is awaiting operation. 
In all cases the defects were perimembranous. 

Two of three patients with discrete subaortic 
stenosis were operated on seven and nine years after 
coarctectomy. One had an additional supravalvar 
aortic stenosis relieved at operation. In the second 
patient a bicuspid aortic valve and an aneurysm of 
the perimembranous septum were also found at 
operation. In the third patient, who was not oper- 
ated on, the stenosis was discovered by cross sec- 
tional echocardiogram 17 years after the operation. 

In three patients dilated cardiomyopathy was dis- 
covered by cross sectional echocardiography 27—30 
years after the surgical repair of the coarctation. In 
all angiography showed diffuse ventricular hypo- 
kinesia without coronary lesions. One of these 
patients had a 30 mm Hg pressure gradient across 
the aortic valve and severe mitral regurgitation due 
to dilatation of the annulus. Another had a 20 
mm Hg pressure gradient across the coarctation but 
no aortic valve stenosis or regurgitation, and the 
third one had no residual gradient. 

Three patients had clinical evidence of coronary 
artery disease. 


RECOARCTATION 

Fifteen of the 143 reassessed survivors had 
recoarctation; the gradient varied from 20 to 100 
mm Hg. One patient had successful reoperation; six 
of the 26 patients who died during follow up had 
recurrent coarctation. 
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Eight per cent of the patients with end to end 
anastomosis and 35% of those in whom the inter- 
vention was of another type had a recurrent 
coarctation. This difference 1s statistically significant 
(p < 0-01), whereas there is no difference between 
patients operated on at a younger or older age. 


HYPERTENSION 

Forty six of 128 patients had systemic hypertension 
without recoarctation. Figure 5 shows the actuarial 
curve for the presence of hypertension. Blood pres- 
sure was normal in most patients seen 10 years after 
operation, but later hypertension gradually became 
more frequent. Thirty years after coarctation repair 
only 32% of the patients are expected to be nor- 
motensive. Late hypertension was less common in 
patients operated on at younger ages ( « 20 years), 
but this difference was statistically significant only in 
the period between 15 and 25 years of follow up. 
The number of patients with a longer follow up was, 
however, small. 

Because the incidence of hypertension in our pop- 
ulation seemed to increase with the length of the fol- 
low up and therefore with the age of the patients, as 
it does in the general population, we compared the 
prevalence of hypertension in our population with 
that of the general Italian population for each 
decade.? In the patients who had surgical repair 
hypertension was more than 1-34 times more com- 
mon than would be expected in the general Italian 
population (y? = 4:5, p < 0 05). We also found that 
the standardised ratio for hypertension was 1 15 in 
the patients operated on before the age of 35 years 
(x? not significant) and 1-37 in the patients operated 
on after that age (y? = 4-60, p < 0 05). This means 
that the patients operated on at an older age are more 
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Years after operation 
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Fig5 Actuarial curves for continuing normotenston in 
patients (absolute numbers are given on horizontal axis). 
The middle curve shows the actuarial percentage of 
normotensive patients among all the patients. The upper and 
lower curves relate the chance of long term normotension to 
the age at operation 


466 


likely to become hypertensive than the general Ital- 
ian population. Hence the difference between the 
two curves in fig 5 is due not only to the fact that one 
group of patients is older, but also to the fact that 
surgical repair was performed. 

Patients with higher preoperative blood pressure 
had a tendency to have late hypertension. To assess 
this effect we examined preoperative and present 
blood pressure levels in the 97 patients in whom 
both were available after excluding patients with 
recoarctation. Hypertension was less common 
(2595) at the last postoperative examination in 
patients with a preoperative blood pressure of « 200 
mmHg than it was in those in whom the pre- 
operative blood pressure was 7200 mm Hg before 
operation (60%) (p < 001). 

Multfactorial analysis (log linear model) shows 
that in patients with late postoperative hypertension 
there is a positive correlation with high preoperative 
blood pressure and with an older age at operation. 
This means that a patient who is >20 at operation 
with a very high blood pressure will have little 
chance of becoming and remaining normotensive 
after the operation. 


Discussion 


DOES COARCTATION REPAIR IMPROVE LIFE 
EXPECTANCY? 

The goals of operation in aortic coarctation are pro- 
longation of life and relief of symptoms, including 
normalisation of blood pressure. Our data confirm 
that life expectancy was significantly higher in our 
patients than in those who were not operated upon; 
however, it remains lower than in the general Italian 
population (fig 4). The shorter life expectancy after 
an apparently successful repair in our series was 
mostly the result of cardiovascular causes. Pre- 
mature coronary artery disease, congestive heart 
failure, and cerebrovascular accidents, which were 
probably related to congenital aneurysms of brain 
arteries, were the commonest causes of death. 
Except for ischaemic heart disease, the causes of 
death in our patients resembled those reported by 
Campbell in a series of patients with coarctation that 
was not treated by surgical repair. !4 


IS AGE AT THE TIME OF OPERATION 
IMPORTANT? 

Age at operation does not seem to influence survival 
during the first 15 years of follow up (fig 2). After- 
wards life expectancy is significantly lower than in 
the general population in those in whom the oper- 
ation was performed after the age of 14. Further- 
more, all but one of our patients who died because of 
coronary artery disease were older than 20 at the 
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time of coarctation repair. 

No patients operated upon after the age of 35 died. 
Patients who survived to be operated on after 35 may 
have had the mildest form of the disease. The small 
number of such patients precludes any firm conclu- 
sion, however. 

The three main problems encountered in patients 
operated on for coarctation were associated anoma- 
lies, recoarctation, and late hypertension. 


ASSOCIATED ANOMALIES 

A bicuspid aortic valve 1s common in patients with 
aortic coarctation. Careful follow up is necessary in 
these cases because clinically important aortic steno- 
sis and insufficiency may develop. An important aor- 
tic valve lesion, which may have been related to the 
presence of bicuspid aortic valve, was found in about 
10% of the patients, Some required operation. 

Serious coronary heart disease seems to be com- 
mon in our patients despite their youth. It was the 
commonest cause of late death. We cannot say 
whether coronary artery disease in such patients 
develops because of residual hypertension or 
because of associated anomalies. 

Ventricular septal defect, mitral insufficiency, and 
dilated cardiomyopathies are rare. In the individual 
cases, however, these conditions can influence late 
outcome. 


RECOARCTATION 

As reported elsewhere recoarctation was not a 
major problem in patients who were >4 years old if 
they had an end to end anastomosis (8%). Recur- 
rences were rather common (35%), however, in 
those in whom different operative techniques (Cla- 
gett, prosthetic tube) were used. Such techniques 
are now seldom used. 
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LATE HYPERTENSION 

About 30% of our patients had hypertension after 
coarctation repair. This figure is similar to that 
reported by others.2?!!?? Hypertension is often 
associated with the development of recoarctation 
and its cause remains unknown. It is more frequent 
in patients operated upon after the age of 20 and it 
may appear 10-15 years after an apparently success- 
ful repair. 

This is not solely due to the normal aging process, 
since the percentage of cases with arterial hyper- 
tension in patients with a successfully operated 
coarctation is bigher than in the general population 
of the same age. 

From our data it also appears that a high pre- 
operative blood pressure predisposes the patient to 
the development of hypertension. 


Long term results (15-30 years) of surgical repair of aortic coarctation 


LIMITATION OF THE STUDY 

Our patients were operated on between 1954 and 
1969 and preoperative invesngations were, there- 
fore, limited; no intracardiac pressure mea- 
surements, no coronary angiography, no echo- 
cardiography, and only few aortograms were 
performed. The diagnosis of coarctation was always 
confirmed at surgery, however. 

Not all patients had an annual examination; how- 
ever, at least one intermediate blood pressure mea- 
surement was available and the time that hyper- 
tension reappeared could be determined with 
confidence. Furthermore, our own evaluation was 
mainly conducted on clinical grounds; invasive 
investigations were confined to patients in whom we 
suspected complications or additional anomalies or 
both. Not all patients had an echocardiographic 
examination. Our study group included 25 patients 
who had operations (mainly Clagett’s procedure) 
that have subsequently been abandoned. 


Conclusions 


A successful coarctectomy prolongs life. The 
benefits of the operation are, however, limited by 
age and severe hypertension at operation, and by 
associated anomalies and premature coronary artery 
disease. Recoarctation is uncommon but the inci- 
dence of unexplained recurrent hypertension is 


high. 


We thank Professor A Dato who operated on most of 
the patients we reviewed. 
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Alcohol and new onset atrial fibrillation: a case-control 
study of a current series 
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From the First Department of Medicine, Helsinki University Central Hospital, Helsinki, Finland 


SUMMARY The aetiological role of alcohol in new onset atrial fibrillation was evaluated in a 
case-contro] study of 100 consecutive patients aged 21—64 years. Clinical examination, routine 
diagnostic tests, and echocardiography revealed an underlying disease or other identifiable factor 
for atrial fibrillation in 65 patients (group 1); 35 patients had idiopathic atrial fibrillation (group 
2). The most common diseases associated with atrial fibrillation were ischaemic heart disease 
(2195), hypertension (1395), and cardiomyopathy (895). Data on alcohol consumption were 
obtained by interviewing the patients and their age and sex matched controls on admission. The 
mean daily alcohol intake of group 2 patients during the week preceding atrial fibrillation was 
significantly larger than that of either their controls or group 1 patients. Compared with controls 
significantly more patients in both groups with atrial fibrillation had consumed alcohol within two 
days of the onset of the arrhythmia. Significantly more patients had onset of arrhythmia on 
Wednesday, Thursday, or Friday than on any other weekday, including patients with high alcohol 
intake. 

This study establishes alcohol as an important precipitating factor for new onset atrial 


fibrillation. 


Alcohol has recently been incriminated as a common 
precipitating factor for atrial fibrillation, ? and 
electrophysiological studies have verified its ar- 
rhythmogenicity in long term alcoholics.* > Not only 
habitual heavy drinkers seem to be liable to arrhyth- 
mias; even apparently healthy moderate or infre- 
quent drinkers may suffer an episode of atrial 
fibrillation after an alcohol binge.9 ^? 

'The incidence of alcohol related arrhythmias is 
uncertain and may vary between populations with 
different alcohol cultures. All previous studies on the 
subject have been either retrospective surveys or iso- 
lated case reports. In one study, up to 47% of all new 
cases of atrial fibrillation in middle aged patients 
were thought to be caused by alcohol,! whereas other 
reports have given rates from less than 3095? to 
63%? of otherwise unexplainable atrial fibrillation. 

We have recently began a series of studies to eval- 
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uate the frequency and clinical importance of alcohol 
related arrhythmias in the emergency ward of our 
hospital. In the present report we describe the ae- 
tiological factors in 100 consecutive young and mid- 
dle aged patients with new onset atrial fibrillation 
and compare their drinking habits with those of a 
matched control patient population. 


Patients and methods 


'The study was carried out between 1 January and 20 
September 1985 in the emergency ward of Helsinki 
University Central Hospital. The hospital serves a 
population of approximately 900000 and there are 
1600-1900 patient visits every month to the 
emergency ward. During the study period 101 pa- 
tients aged «65 years were admitted for their first 
documented episode of atrial fibrillation. These were 
the patients that we studied. 


AETIOLOGICAL EVALUATION 

'The patients were examined by a cardiologist on the 
day of admission or the next morning, when sinus 
rhythm had been restored in almost all of them. The 
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identification of cardiac or non-cardiac diseases was 
based on history and clinical examination com- 
plemented by chest x rays, cross sectional and M 
mode echocardiographic examination (Irex System 
III echocardiograph), blood tests (Coulter auto- 
analyser), serum sodium and potassium (ion selec- 
tive electrode), calcium (enzymatic or atomic 
absorption spectrophotometry), magnesium (atomic 
absorption spectrophotometry), aspartate and ala- 
nine aminotransferases (enzymatic), y glutamyl 
transpeptidase (enzymatic), creatine kinase iso- 
enzymes (enzymatic and electrophoretic), thyroxine 
(radioimmunoassay), triiodothyronine uptake (ra- 
dioimmunoassay and Sephadex uptake), and blood 
ethanol (enzymatic). Lung function was studied if 
this was needed to confirm or exclude the presence 
of pulmonary disease. 


ASSESSMENT OF DRINKING HABITS 


At admission every patient was questioned by one of l 


us about the types and amounts of alcoholic bever- 
ages they had consumed each day during the week 
preceding the arrhythmia. The total amount of alco- 
hol was recorded as grams of ethanol. The patients 
were also asked to estimate if this was more or less, 
or approximately the same they were accustomed to. 
If the patient was not aware of the time of onset of 
atrial fibrillation information about alcohol intake 
during the week before admission was collected. The 
patients were also asked the number of weeks they 
had been totally abstinent during the past year. 
Blood ethanol concentration on admission was not 
measured in all patients because the first laboratory 
tests were ordered by the attending physician and 
not one of the investigators. The smoking and coffee 
drinking habits of the patients and controls were also 
recorded. 


CONTROL PATIENTS 

After the case had been identified the diagnoses on 
emergency ward records were checked to find a suit- 
able control patient. The control patient had to be of 
the same age (+ 10 years) and sex as the case and the 
diagnosis or symptom for hospital admission had to 
be one of an acute illness. The majority of the con- 
trols were found and interviewed on the same day as 
the cases, and the rest were found within two or three 
days. They too were questioned about their alcohol 
and coffee consumption and smoking habits in the 
week before admission. We did not select the con- 
trols totally randomly because hospital patients are 
not a representative sample of the population. By 
excluding patients admitted with conditions known 
to be alcohol related, such as acute pancreatitis or 
drug intoxications, and with severe chronic diseases, 
such as cancer, we tried to avoid overrepresentation 
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Table 1 The referral diagnoses or symptoms of the control 


patients 


Diagnosis or symptom No 


Acute asthma or bronchitis 

Suspicion of deep venous thrombosis 
Ureteral colic 

Pneumothorax (2 traumatic, 7 spontaneous) 
Miscellaneous acute infectious disease 
Acute appendicitis 


Miscellaneous (wound infection, haematuria, 
abdominal pain, vertigo) 


*Deep venous thrombosis was confirmed by venography in eight 
patients 


of heavy drinkers and abstainers, respectively, in our 
control population. We also excluded patients ad- 
mitted for acute cardiac diseases because the present 
study is part of a large project designed to evaluate 
the role of alcohol in various cardiac emergencies. 
Table 1 lists the diagnoses and symptoms of the 
control patients. 


STATISTICAL ANALYSIS 

The statistical comparisons between cases and con- 
trols were performed by McNemar’s test when there 
were only two outcomes and Stuart-Maxwell 
statistics? when there were more. We also tested for 
8 linear trend in the (log) risk of atrial fibrillation 
with increasing alcohol consumption.!? The atrial 
fibrillation groups were compared by the x? test and 
Student's z test for independent data. The distribu- 
tion of the onset of the arrhythmia between different 
weekdays was analysed by a x° test for goodness of 
fit. 


Results 


There were 19 women and 82 men (mean age 48 
years (range 21—64)). The mean age of the controls 
was also 48 years. One patient, a male alcoholic, 
could not be examined and he was excluded from the 
analysis. Data on alcohol and coffee drinking and 
smoking were obtained in 98 patients; one patient 
died of diabetic coma and pneumonia before he 
could be interviewed and one patient admitted after 
an electrical shock did not answer the questions. 
Cross sectional echocardiograms were obtained in 95 
patients; two patients refused echocardiography (an 
otherwise healthy 21 year old man and a male alco- 
holic with previous myocardial infarction) and one 
patient died of acute myocardial infarction before the 
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Table 2 Diseases associated with new onset atrial 
fibrillation 





Coronary heart disease 
Acute myocardial infarction 7 
Old myocardial infarction 7 
Angina pectoris 7” 
Total 

Hypertension 13 

Cardiomyopathy: 

Dilated 
Hypertrophic 
Total 

Chronic obstructive pulmonary disease 

Previous myopencardius 

Mitral valve disease 


A a 


Ischaemic heart disease with normal coronary arteries 
Athletic heart syndrome 

Electrical shock 

Aortic valve disease 

Pre-excitanon syndrome 

Toxic shock with myopericarditis 

Thyrotoxicosis 

Diabetic ketoacidosis with pneumonia 

Idiopathic 


Qe eee ennnwen x» Un Oo 





*] panent also had pulmonary embolism, **5 patients also had 
hypertension 


examination. Good quality echocardiographic 
recordings were obtained in 85 patients. 


DISEASES AETIOLOGICALLY ASSOCIATED WITH 
ATRIAL FIBRILLATION 

Sixty five patients (group 1) had a disease or other 
identifiable factor that could be aetiologically associ- 
ated with atrial fibrillation (table 2). Twenty one of 
them had coronary heart disease; seven gave a his- 
tory of typical effort related angina pectoris and 14 
had acute or old myocardial infarction indicated by 
a history of prolonged chest pain and changes in the 
electrocardiogram or in serum enzymes or in left 
ventricular echocardiography. Hypertension was di- 
agnosed in 18 patients; 16 were on antihypertensive 
treatment and two patients with previously un- 
diagnosed hypertension had supine diastolic blood 
pressure >110 mm Hg in repeated measurements 
after admission. Five of the hypertensive patients 
also had coronary heart disease. Only four patients 
had hypertensive left ventricular disease (wall thick- 
ness > 14 mm on echocardiography). Dilated cardio- 
myopathy was diagnosed in four patients who had 
heart failure without other explanation and diffusely 
poor contraction of the left ventricle with an in- 
creased diastolic dimension (>60 mm) on echo- 
cardiography. Another four patients had the 
hypertrophic form of cardiomyopathy; the electro- 
cardiogram showed increased left ventricular volt- 
ages in all, and the septal or free wall thickness 
exceeded 14 mm on echocardiography. Five patients 
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had chronic obstructive pulmonary disease; they 
gave a long history of productive cough and dys- 
pnoea without heart disease and clinical exam- 
ination, chest x rays, or lung function tests supported 
this diagnosis. Old myopericarditis was diagnosed in 
four patients and acute myopericarditis in one; all 
gave a histary of a febrile illness (diphtheria in one, 
rheumatic fever in one, acute toxic shock in one, 
unspecified in two) and had localised or diffuse ab- 
normalities of myocardial contractions and peri- 
cardial thickening or effusion on echocardiography. 
Significant valvar disease was found in four patients 
(one rheumatic mitral stenosis, one rheumatic mitral 
regurgitation, one aortic regurgitation, and one mi- 
tral valve prolapse). One of the patients had under- 
gone cardiac catheterisation; in others the diagnosis 
was based on clinical and echocardiographic exam- 
inations. Athletic heart syndrome’! was diagnosed 
in two patients; both had a long history of endurance 
training and an increased left ventricular end di- 
astolic diameter (>56 mm) on echocardiography 
without impairment of left ventricular systolic func- 
tion. Two patients had syndrome X (ischaemic heart 
disease despite patent coronary arteries); both had 
previously undergone coronary angiographic and 
perfusion studies.!? Other illnesses diagnosed in 
group 1 were thyrotoxicosis (one patient), pre- 
excitation syndrome (one patient), and diabetic coma 
with pneumonia (one patient). Two patients had 
onset of arrhythmia after an electrical shock. 

In 35 patients (six women and 29 men) we found 
no evidence of concomitant cardiac or non-cardiac 
disease (group 2). 


DATA ON ALCOHOL CONSUMPTION 

Nine patients (three women, six men) in group 1 and 
10 (five women, five men) controls had not drunk any 
alcohol during the past year. In group 2, five patients 
(three women, two men) and five controls (one 
woman, four men) had been teetotallers for the 
whole year. Table 3 shows the patients' and controls' 
estimates of their alcohol consumption for the week 


Table 3 Estimation of alcohol consumption during the 
week before atrial fibrillation compared with normal use in 
cases and controls 





Alcohol consumption 


More Less The same b 
All Bep iiia 17/9 4/12 TUTI «005 
Group 1/controls 8/4 2/9 53/50 NS 
Group 2/controls 9/5 23 24/27 NS 





Group 1, atrial fibrillanon with an actiologically associated 
disease. 


Group 2, idiopathic atrial fibrillation 


Alcohol. and atrial fibrillation 


Group 1 (pz NS) Group 2 (p«O 025) 
30 
2 20 
E 
= 
Is] 
a 
xe} 
2 10 
0 
0 1-30 >30 0 1-30 >30 
Ethanol (g/day) 


Fig 1 Average daily alcohol consumption of the patients 
(black columns) and their controls (white columns) during 
the week preceding the atrial fibrillation. Group 1, atrial 
fibrillation with an associated disease. Group 2, idiopathic 
atrial fibrillation. 


preceding atrial fibrillation compared with their nor- 
ma] alcohol intake. l 

To analyse the data on the average amount of alco- 
hol consumed daily during the week before atrial 
fibrillation we divided the patients and controls into 
three groups: (a) abstainers; (b) those with an aver- 
age daily consumption of 1-30 g of ethanol; (c) those 
with an average daily alcohol consumption of > 30 g 
of ethanol. Figure 1 shows the distribution of the 
patients and controls in these groups. Patients with 
atrial fibrillation had drunk more than the controls 
(x? = 10-407; p<0-01). This difference came 
mainly from group 2 patients whose alcohol con- 
sumption had been significantly larger than that of 
their controls (y? = 8:658; p < 0-025) whereas the 
difference between patients in group 1 and their con- 


Table 4 Frequency of abnormal laboratory findings in 
patients with new onset atrial fibrillation 











Vanable Group 1 Group 2 
MCV >96 fl (57) 1 (29 
Serum potassium <37 mmol/l 12 (59) 883 
«3 0 mmol/l I o 2 (35) 
Serum calcium «2:25 mmol/l 27 20 10 (30) 

A «2 10 mmol/l 3 (54 2(30) 
Serum «0 70 mmol/l 5 GR 3 33 
S-ASAT >40 IU/ 5 (53) 8 (33 
S-ALAT >40 IU/l 10 (54) 10 (32) 
S-y-GT >50 IU/l 18 (53). 8 G1) 
Blood ethanol >1 mmol/l 5 (12) 7 (17) 
The figures in parentheses are the number of ts tested. 
MCV, mean red cell corpuscular volume; S-ASAT, aspartate 
aminotransferase (serum), S-ALAT, _alanine aminotransferase 
(serum); S-y-GT, Y glutamyl transpeptidase serum). : 
Group 1, atrial fibrillation with an actiologi y associated disease. 
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trols was not statistically significant (y? = 2:531; 


p = NS). The (log) risk of atrial fibrillation increased 


linearly with alcohol use in all cases (4? = 8:880; 
p < 0-025) and also in group 2 (x? = 8-266; 
p < 0-025). 

Seven of the patients with atrial fibrillation had 
used alcohol heavily (7 75 g of ethanol daily) during 
the week preceding the arrhythmia: five of 35 in 
group 2 (vs none of their controls) and two of 63 in 
group 1 (vs one of their controls). 

Alcohol use immediately before the arrhythmia 
was evaluated separately by our noting whether or 
not the cases and controls had drunk any alcohol 
during the two days preceding the arrhythmia or 
admission. There were 25 drinkers in group 1 (vs 13 
controls; x? = 4-321, p < 0-05) and 19 of 35 in group 
2 (vs 4 controls; x? = 11:529; p < 0-001). Twelve of 
the 29 patients-whose blood ethanol concentration 
was measured on admission had been drinking re- 
cently. Their blood ethanol concentration was over 
1 mmol/l (table 4). 


DATA ON COFFEE DRINKING AND SMOKING 
Coffee drinking and smoking habits were not 
significantly different in cases and controls. In group 
I, 78% of cases and 83% of controls drank coffee 
daily and 35% of both cases and controls were cur- 
rent smokers. In group 2, 77% of cases were coffee 
drinkers and 34% were smokers; the corresponding 
figures for the controls were 89% and 29%. 


COMPARISONS BETWEEN THE TWO GROUPS 
WITH ATRIAL FIBRILLATION 

Group 1 patients were significantly (p « 0-001) older 
than those of group 2 (mean age 52 and 43 years, 
respectively), but there was no difference in the sex 
distribution. Patients in group 2 had used 
significantly larger amounts of alcohol daily during 
the week preceding atrial fibrillation than those in 
group 1 (y? = 7-753; p < 0:025) (fig 1). In contrast 
there was no statistical difference between the groups 
for alcohol use in the two days before atrial 
fibrillation; 38% in group 1 and 54% in group 2 had 
used alcohol during that time. 

Table 4 shows the frequencies of abnormal labora- 
tory findings. There were no statistically significant 
differences between the groups for any of the labora- 
tory measurements. Fifty per cent of cases in group 
1 and 54% in group 2 who had drunk >30 g of 
ethanol daily had one or more of the liver enzyme 
values above normal limits. Only one patient in the 
highest alcohol consumption category had increased 
mean red cell corpuscular volume. The abnormally 
low electrolyte values were evenly distributed be- 
tween the groups and they were not related to the 
amount of alcohol used. 





Fig 2 


Distribution of the onset of atrial fibrillation 1n 84 
patients by days of the week. The hatched columns indwate 
panents with atrial fibrillation and an associated disease 
and the stippled columns show patients with idiopathic 
atrial fibrillation. 


VARIATION BY WEEKDAYS IN THE ONSET OF 
ATRIAL FIBRILLATION 

Eighty four patients (50 in group 1 and 34 in group 
2) were certain of the day on which arrhythmia had 
started. Figure 2 shows the day by day distribution 
of the onset of atrial fibrillation in both groups. The 
distribution differed significantly from a chance oc- 
currence (y? = 15 332; p < 0-025) with the highest 
frequencies occurring in the middle of the week. In 
both groups 1 and 2 there was a similar trend but this 
did not quite reach statistical significance. Patients 
with high alcohol consumption showed a similar 
variation by weekday as did other cases. Fourteen 
(70%) of those 20 patients who had consumed > 30 
g/day during the previous week had onset of arrhyth- 
mia on Wednesday, Thursday, or Friday. 


Discussion 


Taken together with earlier investigations,!~? our 
study strongly supports the idea that alcohol plays a 
significant role in the genesis of otherwise mexplic- 
able atrial fibrillation. The frequency of alcohol re- 
lated atrial fibrillation, however, was clearly lower in 
our study than in two recent retrospective studies.! ? 
Only one third of patients admitted for idiopathic 
atrial fibrillation had consumed more than 30 g of 
ethanol daily during the preceding week and not 
more than five of 35 patients had had more than 
75 ga day. These data suggest that in about 15-30% 
of patients with idiopathic atrial fibrillation the ar- 
rhythmia may be alcohol related and that about 
5-10% of all new episodes of atrial fibrillation can be 
explained by alcohol use. Among other identifiable 
diagnoses associated with new onset atrial fibrillation 
(table 2) alcohol abuse would thus rank above well- 
known factors such as valvar heart disease, chronic 
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obstructive pulmonary disease, and thyrotoxicosis. 
'The true aetiological contribution of alcohol to atrial 
fibrillation may be somewhat larger because by caus- 
ing dilated cardiomyopathy!? or myocardial in- 
farction despite patent coronary arteries! it can be 
the primary, although not the immediate, cause of 
the arrhythmia. T'wo of our four patients with di- 
lated cardicmyopathy were alcoholics; they denied 
recent drinking. As well as being the main cause of 
atrial fibrillation in some patients, alcohol may be a 
triggering factor in patients with other heart dis- 
eases. This is suggested by our finding that a larger 
proportion of patients with aetiologically identifiable 
atrial fibrillation than of controls had used alcohol 
within the two days preceding the onset of the ar- 
rhythmia. 

The selection of control patients in a hospital 
based study is always difficult and open to criticism. 
In our study, however, the alcohol consumption of 
the controls resembled that of a representative sam- 
ple of 15-69 year old Finns whose alcohol use was 
studied in 1984.!5 In that study 3870 people were 
questioned in detail about their drinking habits dur- 
ing one week and their alcohol use in general during 
the past year was evaluated. Twenty seven per cent 
of women and 12% of men had abstained in the 
previous year. The calculated mean yearly alcohol 
consumption (alcohol used during the week in ques- 
tion times 52) of the male drinkers was 4-1 kg (me- 
dian 1 9 kg) of ethanol and for female drinkers it was 
1-1 kg (median 0-4 kg). In our control group the 
frequencies of teetotallers (32% in women, 11% in 
men) were very close to those found in the popu- 
lation study. Mean yearly ethanol consumption of 
those controls who had drunk alcohol during the past 
year was 3:8 kg (median 1:5 kg) in men and 0:2 kg 
(median 0° in women. The consumption of our male 
controls accords well with the population study 
whereas that of our female patients seems too small. 
There were only 13 drinkers among our female con- 
trols, however, and this may partly explain the dis- 
crepancy, especially as we evaluated only one week’s 
alcohol intake. An important finding was that the 
patients with atrial fibrillation had drunk much 
larger quantities of ethanol: the mean values for 
yearly consumption were 9-1 kg (median 5:3 kg) in 
male drinkers and 6 3 kg (median 0) in female drink- 
ers. In our view these data support our conclusion 
that atrial fibrillation may be precipitated by a high 
intake of alcohol. 

Probabie mechanisms by which alcohol may in- 
duce atrial fibrillation have been discussed re- 
cently.!? Alcohol can increase the concentration of 
circulating catecholamines,!$ change conduction 
times and refractory periods in the myo- 
cardium,**+7 evoke sudden increases in vagal tone 


Alcohol and atrial fibrillation 


(vomiting), and produce subclinical myocardial in- 
Jury when used heavily for many years.!? It may well 
be that in most cases a combination of two or more 
of these influences triggers the arrhythmia after 
binge drinking. It is our impression that factors such 
as physical or mental stress, lack of sleep, or febrile 
respiratory infections may at times increase the ar- 
rhythmogenic capacity of alcohol, probably by aug- 
menting the basal sympathoadrenergic tone. In the 
present study electrolyte disturbances were not re- 
lated to alcohol use and most patients had serum 
electrolytes within normal range on admission, al- 
though there were a surprising number with mar- 
ginally lowered concentrations of serum total 
calcium. Unfortunately, serum albumin and ionised 
calcium were not measured, so there 1s no proof of 
real hypocalcaemia in these patients. 

The term “holiday heart", introduced by Ettinger 
et al,’ has been widely adopted to describe alcohol 
related arrhythmias clustering after the weekend and 
after holidays such as Christmas and New Year. In 
our study, however, the frequencies of the onset of 
atrial fibrillation were lowest during the weekend 
and in the days afterwards and highest in the middle 
of the week, irrespective of the aetiology of the ar- 
rhythmia. Nor did we see any excess of cases after 
festivals such as the New Year, May Day, or Mid- 
summer Day which are all associated with alcohol 
sprees in Finland. In their retrospective study, Rich 
et al did not find clusters of admissions for alcohol 
related atrial fibrillation after weekends or holidays.” 
It 1s possible that occupational mental or physical 
stress, which increases during the working week, to- 
gether with other factors such as alcohol contribute 
to the onset of fibrillation. 

Our study shows that ischaemic heart disease, hy- 
pertension, and cardiomyopathy are currently the 
most common diseases associated with new onset 
atrial fibrillation in young and middle aged popu- 
lation. Mitral valve disease and thyrotoxicosis, both 
still cited in textbooks as important causes of atrial 
fibrillation, now seem to be rare in this age group. 
About one third of patients presenting with their 
first episode of atrial fibrillation do not have any 
recognisable heart disease but many of them 
(15-30%) are frequent drinkers and some drink 
quite heavily. There 1s no doubt that alcohol should 
be included among the most common aetiological 
factors causing atrial fibrillation in those of working 
age. 
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Absent right superior caval vein (vena cava) with 
normal atrial arrangement 
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the tCardiothoracic Institute, London 


SUMMARY Eight cases of absent right superior caval vein (vena cava) with normal atrial arrange- 
ment from the Great Ormond Street database were reviewed. In each case the right subclavian 
vein and jugular vein drained into a persistent left superior caval vein through a bridging vein. In 
six cases the left superior caval vein drained into the right atrium by way of the coronary sinus, 
and in two cases it drained into the left atrium directly because of the complete unroofing of the 
coronary sinus. The frontal plane P wave axis was displaced leftwards and upwards in four out of 
seven cases in which an electrocardiogram was available. No case showed arrhythmia on a stan- 
dard electrocardiogram preoperatively. Echocardiograms were available in four cases and in each 
case diagnosis of the anomalous connections of the systemic vein was possible. Only one third of 


the cases showed a crescentic shadow of the persistent left superior caval vein on chest x ray. 

A chest x ray and electrocardiogram do not provide the means of reliable diagnosis of this 
condition, though they may suggest the possibility of its existence. Definitive diagnosis requires 
cross sectional echocardiography or angiocardiography or both. 


Systemic venous anomalies are not uncommon in 
congenital heart disease particularly in atrial isomer- 
ism. When the atria are normally arranged a persis- 
tent left superior caval vein (vena cava) is the most 
common systemic venous anomaly and usually 
drains into the right atrium by way of the coronary 
sinus. 

Absence of the right superior caval vein in atrial 
situs solitus is very rare and may present with either 
total absence of superior vena cava or partial absence 
above the azygos vein.! ? When the right superior 
caval vein is absent there is always a left superior 
caval vein that usually empties by way of the coro- 
nary sinus into the right atrium.? * The left superior 
caval vein may join the left atrium directly in 
patients with normal atrial arrangement, in which 
case all the systemic venous blood from the upper 
half of the body drains into the left atrium.? 6 

A persistent left superior caval vein draining into 
the right atrium by way of the coronary sinus is hae- 
modynamically insignificant unless the patient is to 
undergo cardiopulmonary bypass, a surgical pro- 
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cedure involving the systemic veins, or pacemaker 
insertion.’~1° When the left superior caval vein 
drains directly into the left atrium it can produce a 
right to left shunt and cyanosis.!! 

A persistent left superior caval vein is often asso- 
ciated with leftward deviation of the P wave axis and 
other arrhythmias.? ? !? There has been a debate on 
the mechanism of these arrhythmias and abnormal 
histological findings in the conduction system have 
been reported.? !? 

The diagnosis of persistent -left superior caval vein 
once required diagnosis by catheterisation or angio- 
cardiography or both, but now non-invasive diagno- 
sis by echocardiography is possible.!* 


Patients and methods 


'The Great Ormond Street database, consisting of 
computerised records of necropsies since 1940 and 
diagnoses in life since 1972, was searched for cases of 
absent right superior caval vein in patients with nor- 
mal atrial arrangement and absent left superior caval 
vein in those with inverted atria. Eight patients in 
the former category were found and none in the lat- 
ter. Patients with atrial isomerism were excluded. 
Cardiac catheterisation and angiocardiography were 
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Absent right superior caval vein (vena cava) with normal atrial arrangement 


——————————————————————————————————————————————————————————————— 





Solitus, discordant, single outlet heart with aorta from right ventricle. Pulmonar 


atresia. Dextrocardia. VSD, ASD, DA 


Normal connections. Left superior caval vein to left atrium because of c 


Normal connections. TOF. Right aortic arch 


mplet 





unroofing of coronary sinus 


Solitus, concordant, single outlet heart with aorta from right ventricle. VSD, D 


Left juxtaposition of atrial appendages. Right aorta arch. Complete unroofing 


Solitus, concordant, single outlet truncus arteriosus. ASD, VSD 


Table Cardiac anomalies in eight cases of absent right superior caval vein 
Case No. Age Sex Cardiac anomalies 
1 2 yr 5 mnth M 
2 2 yr 8 mnth M Normal connections. VSD 
3 1 yr 8 mnth F 
4 5 yr 7 mnth F Normal connections. TOF 
5 7 mnth M 
6 1 day M 
coronary sinus 
7 2 wk M 
8 5 yr 6 mnth M 


Normal connections. Coarctation of aorta 


—————————————————————————————————————————— 


VSD, ventricular septal defect; ASD, atrial septal defect; DA, ductus arteriosus; TOF, tetralogy of Fallot 


carried out in all cases and heart surgery was per- 
formed in six. Necropsy specimens were available in 
two cases. 


Results 


There were eight cases of absence of right superior 
caval vein. All had other cardiovascular anomalies 
(table). In each case the right jugular and subclavian 
veins drained into the left superior caval vein by way 
of a bridging brachiocephalic vein. The left superior 
caval vein drained into the right atrium by way of 
the coronary sinus in six cases. In two cases the left 
superior caval vein drained into the left atrium 
because of complete unroofing of the coronary sinus. 
The only remnant of the coronary sinus was its 
orifice, which mimicked an atrial septal defect. 
Pathological specimens were available in cases 6 and 
7. In both cases there was no remnant of the right 
superior caval vein, not even a fibrous chord. 
Standard electrocardiograms were available in 
seven cases. Frontal plane P wave axes were vari- 
able, ranging from —30° to 60°. Four cases showed 
an upwards and leftwards deviation of the P wave 
axis, but in no case was deviation extreme (less than 
— 30^). In three cases the P wave axis was within the 
normal range (0-90^). P-R intervals were in the nor- 
mal range except in one case which showed a short- 
ened P-R interval (0:10 s), no P-R segment, and a 
normal P wave axis. No case showed any arrhythmia 
preoperatively on a standard electrocardiogram. 
Conduction anomalies developed in three cases after 
operation. In case 4 complete right bundle branch 
block developed after total correction of tetralogy of 
Fallot. Case 5 showed transient second or third 
degree heart block during the first three days after an 
operative procedure in the coronary sinus area. The 
cardiac rhythm returned to normal three days after 
operation and a follow up electrocardiogram did not 
show any arrhythmia. In case 3 complete right bun- 
dle branch block developed after total correction of 


tetralogy of Fallot and 24 hour electrocardiographic 
monitoring showed sinus slowing with junctional 
escape during sleep. The QRS axis and evidence of 
ventricular hypertrophy varied depending on th 

associated intracardiac anomalies. There were no 
cases with intraventricular conduction abnormalities 
before surgery. 

Chest x rays were available in seven cases. Cardia 
size and shape and pulmonary vascular markings 
depended upon the associated cardiac defects. The 
superior mediastinal shadow on both sides of the 
spine was evaluated. A crescentic vascular shadow 
passing from the upper left border of the aortic arch 
towards the middle third of the left clavicle was ev 
dent in two cases out of seven. Case 2 showed a 
decreased mediastinal shadow to the right of the 
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Fig 1 Chest posterior-anterior x ray of case 2 showing 
absence of the usual shadow to the right of the spine above 
the right atrial shadow suggesting absence of right superior 
caval vein. 
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Cross sectional echocardiogram of case 2. Upper 
picture is a precordial long axis cut showing dilated 
coronary sinus (CS) which looks like a tubular structure in 


Fig 2 


the left atrium ( LA). Lower picture is a precordial short 
axis cut Just below the aortic valve showing the coronary 
sinus draining into the right atrium ( RA). A, anterior; Ao, 
aorta; L, left; LV, left ventricle; LVOT, left ventricular 
outflow tract; RV, right ventricle. 


spine suggesting absence of the normally located 
superior caval vein (fig 1). 

Cross sectional echocardiograms were available in 
four cases. In each case the left superior caval vein 
drained into a dilated coronary sinus which was 
visualised in parasternal and subcostal sections. In 
one case (case 2) the coronary sinus was so dilated 
that it looked like a tubular structure crossing the 
left atrial cavity above the mitral valve in the para- 
steral view (fig 2). A left superior caval vein and the 
bridging brachiocephalic vein were shown from the 
suprasternal notch in all cases. The connection of 
the left superior caval vein to the coronary sinus was 
not seen, but the dilated coronary sinus suggested 
such a connection. Contrast echocardiography was 
done in one case and proved the absence of a right 
superior caval vein and the connection of the persis- 
tent left superior caval vein to the coronary sinus. 
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Discussion 


A persistent left superior caval vein draining into the 
coronary sinus is the most frequent type of systemic 
venous anomaly found when the atrial arrangement 
is normal; the abnormality is usually associated with 
a right superior caval vein in the normal position. 5 
Rarely the persistent left superior caval vein drains 
into the left atrium; in this condition the coronary 
sinus may or may not be absent.? ^ Raghib and asso- 
ciates described five cases in which the left superior 
caval vein terminated in the left atrium with atrial 
septal defect and absence of coronary sinus. These 
workers speculated that all these anomalies could 
have originated from a single anomalous devel- 
opmental complex.'! 

The embrvology of and anatomical variation in 
cases of a persistent left superior caval vein are dis- 
cussed in detail elsewhere.' !5 !* The origin of the 
left superior caval vein may be attributed to the per- 
sistence of thz anterior cardinal vein with its caudal 
junction wita the left duct of Cuvier. If, for 
unknown reasons, flow through the brachiocephalic 
vein is reversed and the right cephalic region drains 
into the left anterior cardinal vein an atretic or 
absent right superior caval vein will result.* 

Although a persistent left superior caval vein 
draining into the right atrium by way of the coronary 
sinus has no significant haemodynamic effect, it is 
very important to know of its presence when a 
patient undergoes either open heart surgery with 
cardiopulmonary bypass, the Glenn procedure, 
Mustard's operation, or transvenous pacemaker 
insertion." ?'" The problems which this abnormal- 
ity may present and possible solutions have been 
reviewed. !? When the persistent left superior caval 
vein drains into the left atrium, an intracardiac right 
to left shunt forms a part of the functional abnormal- 
ity and cerebral complications may occur.!! If this 
venous anomaly is associated with other intracardiac 
anomalies, preoperative diagnosis of the connection 
of the left superior caval vein to the left atrium is 
important, particularly in those congenital defects in 
which the right atrial pressure after operation tends 
to be higher than the left atrial pressure. An 
undetected left superior caval vein may result in a 
large residual right to left shunt, cyanosis, and sub- 
optimal cardiac performance in the immediate post- 
operative period. 

The diagnosis of a persistent left superior cava 
was usually made at cardiac catheterisation, at oper- 
ation, or at necropsy. A persistent left superior caval 
vein may be suspected when the chest x ray shows an 
extra structure in the area of the aortic knob and 
upper mediastinum! '® but this is not a sensitive 
finding. Non-invasive diagnosis of systemic venous 
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anomalies is possible by echocardiography.1^ 18 19 


The echocardiographic findings when there is a per- 
sistent connection between the left superior caval 
vein and the coronary sinus have been 
described.?? ?! M mode echocardiography shows an 
abnormal linear echo behind the mitral valve with a 
phasic movement similar to the aortic leaflet of the 
mitral valve. The cross sectional echocardiogram 
demonstrates a dilated coronary sinus on various 
views. Suprasternal echocardiography is very useful 
in delineating supracardiac anatomy. In the supra- 
sternal paracoronal view the innominate vein and 
normally placed right superior caval vein are visual- 
ised with the right pulmonary artery and aorta. The 
left superior caval vein, when present, is seen appar- 
ently crossing the upper descending aorta, provided 
the latter 1s on the left, as the transducer is rotated 
and/or tilted to the left.!? Direct echocardiographic 
diagnosis of absent right superior caval vein is also 
possible.!^ 1? The connection of left superior caval 
vein to the heart 1s difficult to visualise directly, but 
it is usually predictable on the basis of associated 
findings.!^ When a clear suprasternal view is not 
available or there is any doubt, contrast echo- 
cardiography may be very helpful m confirming the 
venous connection to the heart.!? ?? Huhta and col- 
leagues examined the sensitivity and specificity of 
echocardiography in diagnosing anomalous systemic 
venous return and concluded that cross sectional 
echocardiography was an extremely specific and 
highly sensitive method of recognising anomalous 
venous return. /* 

Absence of the right superior caval vein might 
well be expected to result in anomalous positioning 
of the sinoatrial node, which normally hes at the 
junction between the superior caval vein and right 
atrium. Half of our cases showed a superior left- 
wards deviation of the P wave axis; sinus slowing 
with junctional escape was detected in one case after 
open heart surgery. No case showed arrhythmia on a 
standard electrocardiogram before operation. 

When a persistent left superior caval vein is 
present the electrocardiogram often shows an abnor- 
mal P wave axis and a normal or shortened P-R 
interval.?!223 The mechanism of the leftwards 
deviation of the P wave axis is not clear. It has been 
attributed to the presence of an ectopic pacemaker 
around the coronary ostium,!? but histological study 
clearly showed a normally placed sinoatrial node and 
absence of any pacemaker anywhere around the 
coronary ostium.? !? A geometric change of the left 
atrium may be a possible mechanism of left axis 
deviation of the P wave. Dilatation of the coronary 
sinus, which has to transmit all blood from the upper 
half of the body, may alter the geometry of the 
atrium and displace the left atrium upwards.!? 
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Besides the leftward deviation of the P wave axis, 
there have been reports of various arrhythmias in 
this anomaly.?!? James and colleagues made a 
detailed pathological study in two teenage boys with 
absent right superior caval vein. One died suddenly 
and the other died of arrhythmia 16 days after repair 
of ventricular septal defect. The first patient had a 
small sinus node and the second had a mass of poly- 
poid tissue blocking the artery supplying the sinus 
node. In both the atrioventricular node was frag- 
mented and stretched out over the large coronary 
sinus. They speculated that these histological abnor- 
malities might be responsible for electrical 
instability of the heart and recommended detailed 
studies of the conduction system when there is a per- 
sistent left superior caval vem.!? 

Lenox and colleagues collected 11 cases of 
arrhythmia among published reports of 60 cases 
with absent right superior caval vein and suggested a 
possible predisposition to arrhythmia in this anom- 
aly.? The same group recently reported on a 
pathological study on the conduction tissue in hearts 
with varying degrees of coronary sinus dilatation 
including four cases in which the right superior 
caval vein was absent.” They found that the size of 
the coronary sinus did not alter the histology of the 
adjacent conduction tissue. When the right superior 
caval vein was absent the sinoatrial node was nor- 
mally placed and the atrioventricular conduction tis- 
sues were normal. But the sinoatrial node was 
hypoplastic in three out of four cases of absent right 
superior caval vein. They suggested that the devel- 
opment of atrioventricular nodal component is inde- 
pendent of the development of coronary sinus and 
that a hypoplastic sinoatrial node may predispose to 
the sick sinus syndrome. Although there have been 
reports of arrhythmia in cases of absent right supe- 
rior caval vein, it is very difficult to know the true 
frequency of arrhythmia in these cases. It is even 
more difficult to ascertain the causal relation 
between arrhythmia and the occurrence of absent 
right superior caval vein. Hypoplasia of the sino- 
atrial node, however, suggests the possible devel- 
opment of sinus node dysfunction in this anomaly. If 
the true frequency of arrhythmia and the functional 
significance of hypoplastic sinoatrial node are to be 
determined long term follow up study and perhaps 
electrophysiological evaluation are needed. 


JYC is a member of the School of Paediatric Cardi- 
ology and is supported by the British Council. RHA 
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Percutaneous balloon dilatation in congenital mitral 


stenosis 


LUIS E ALDAY, ERNESTO JUANEDA 


From the Department of Cardiology, Children’s Hospital, and the Department of Paediatrics, National 


University of Cordoba, Cordoba, Argentina 


SUMMARY A three year old girl with severe congenital mitral stenosis was successfully treated by 
percutaneous balloon dilatation of the mitral valve. Cardiac catheterisation and cross sectional and 
Doppler echocardiography indicated that the orifice of the mitral valve had doubled in area. A 
small atrial septal defect was found'at follow up cardiac catheterisation and angiography. 

Balloon dilatation of the mitral valve is a reasonable alternative to surgical treatment for typical 
congenital mitral stenosis even in young children. 


Since Kan et al first advocated the use of per- 
cutaneous balloon dilatation for the treatment of 
congenital pulmonary valve stenosis! the procedure 
has been widely applied in this? * and in other 
obstructive lesions such as aortic, valve stenosis," 
coarctation of the aorta, peripheral pulmonary 
stenoses,’ and obstructed: veins.? Balloon angio- 
plasty has also been successful as a treatment for 
rheumatic mitral valve stenosis in older children, 
young adults, and adults.?^!? The technique was 
also used in an adolescent with congenital mitral 
valve stenosis.!? We report a case of successful 
dilatation of the mitral valve by percutaneous 
balloon dilatation in a young child. 


Case report 


A girl aged 3 years and 4, montbs with a history of 
poor exercise tolerance and failure to thrive was 
referred for cardiac evaluation and treatment. On 
physical examination she was undernourished 
(weight 8:5 kg, below the third percentile) and the 
findings at auscultation were typical of severe mitral 
stenosis. The rest of the physical examination was 
unremarkable. Chest x rays showed moderate 
cardiomegaly with a cardiothoracic ratio of 0:58. 
'There was left atrial and right ventricular enlarge- 
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ment and signs of pulmonary venous hypertension. 
The electrocardiogram had a mean QRS axis of 
+ 100? in the frontal plane and there was evidence of 
left atrial enlargement and right ventricular hyper- 
trophy. Cross sectional echocardiographic and 
Doppler examination revealed mitral stenosis with a 
valve area of 1 10 cm?. After obtaining informed 
consent from the parents, we performed combined 
percutaneous cardiac catheterisation and selective 
cineangiocardiography followed by mitral valve di- 
latation from the right femoral vein and the left fem- 
oral artery under general anaesthesia. The 
haemodynamic findings showed moderately severe 
pulmonary hypertension and a 7 mm Hg gradient 
across the mitral valve (table). The left ventricular 
cineangiogram disclosed severe mitral stenosis and 
slight mitral incompetence. Mild tricuspid regur- 
gitation and considerable enlargement of the left 
atrium with a prolonged washout time in the la- 
evophase were seen on right ventricular cine- 
angiography. 

We used the following technique for the mitral 
valve dilatation. The venous catheter was replaced 
by a number 8:5 French transseptal left heart cath- 
eter (USCI) which was advanced to the right atrium. 
A Brockenbrough needle was introduced into the 
catheter and the atrial septum was punctured. The 
catheter was advanced over the needle into the left 
atrium and the needle was withdrawn. We then gave 
100 units of heparin per kg. After the left atrial pres- 
sure had been measured the catheter was advanced 
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Table Cardiac catheterisation data before, immediately after, and one month after mitral angioplasty 
————————————— — ——— 





Before After 1 month 
Right atrium (mm Hg) (5) 8 2) 
Right ventricle (mm Hg 65/4 66/7 51/4 
Pulmonary artery (mm Hg 65/35 (45) — 48/12 (24) 
Left atrium (mm Hg) (16) 10:5 6:5) 
Left ventricle (mm Hg 85/9 105/9 105/35 
Aorta (mm Hg 85/45 (65 100/50 (72 105/70 (82 
Qp (I/min'm? 52 — 67 
Qs (l/min m? 5.2 41 
Qp : Qs ratio 10:10 16:10 
Rp (u/m*)* 8:6 - 36 
Rs (u; m?)* 11:5 19:5 
Rp : Rs ratio 07:10 02:10 
Mitral valve area (cm? 0-59 — 1:22 


Numbers in parentheses are mean pressures. Qp, pulmonary flow; Qs, systemic flow; Rp. total pulmonary resistance; Rs, systemic 
resistance. * Wood units 


through the mitral valve into the left ventricle. A — within the ventricular cavity and advanced through 
0-038 inch Teflon coated guide wire (180 cm long) the aortic valve to the ascending aorta. The trans- 
(Cook) was then placed in the left ventricle through septal catheter was removed and a 12 mm balloon 
the transseptal catheter. The guide wire was looped — angioplasty catheter number 9 French (Medi- Tech) 





Fig 1 (a) X ray of the 12 mm balloon catheter placed across the mitral orifice half inflated and showing an indentation 
in the area of the stenotic mitral valve. (b) X ray of the 18 mm balloon catheter distended at full pressure. 
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Fig 2 Left atrial angiogram in the four chamber view 
showing an enlarged left atrium and a small atrial septal 
defect . 


was advanced over the guide wire and placed across 
the mitral valve orifice (fig 1a). The balloon was then 
inflated with diluted contrast medium at 354 kN/m? 
(3:5 atm) pressure for three 10 second periods. The 
procedure was repeated with an 18 mm angioplasty 
catheter (fig 1b). After the balloon catheter had been 
removed, the transseptal catheter was reintroduced 
and the pressure measurements were repeated 
(table). The arterial catheter, which had been left at 
aortic valve level for continuous recording of sys- 
temic pressure, was passed in the left ventricle and 
cineangiography was repeated. 

After balloon dilatation the transmitral valve gra- 
dient decreased to 1-5 mm Hg. The left ventricular 
cineangiogram showed mild mitral regurgitation 
equivalent to that found at the previous angiographic 
examination. The whole procedure took one hour 
and 40 minutes and there were no complications. 
The patient was discharged from hospital two days 
later. 

Physical examination after dilatation disclosed a 
much softer mid-diastolic rumble in the area of the 
mitral valve. There had been no murmur immedi- 
ately after dilatation. Cross sectional and Doppler 
echocardiographic examinations were repeated a 
week later and they indicated an increase of the 
mitral valve orifice to 2:34 cm?. At follow up 
the patient’s exercise tolerance was considerably 
improved. Cardiac catheterisation performed a 
month after angioplasty showed a decline in pul- 
monary artery pressure and resistance and a 3 mm 
Hg transmitral gradient (table). The mitral valve 


area had apparently doubled and there was evidenc 
of a small atrial septal defect both by oximetry and 
by left atrial cineangiography (fig 2). 


Discussion 


Balloon dilatation of the mitral valve is an effectiv 
method for relieving stenosis of the rheumatic mitra! 
valve.?^!? It has been used in older children and 
adults and even in elderly patients with calcific 
mitral stenosis!* '*; no serious complications have 
been reported. When balloon angioplasty of th: 
mitral valve was attempted in two patients with 
congenital mitral stenosis it was successful in th« 
adolescent patient but failed in the 2 year old boy 
who also had associated anomalies. '* 

Despite the small size of our patient, balloon dila 
tation of the stenotic mitral valve was achieved 
without complication and the procedure was not 
lengthy. Haemodynamic measurements and echo 
cardiography and Doppler studies both showed that 
the mitral valve orifice had doubled in area after 
dilatation. 

'The technique we used differed only slightly from 
that described by Lock et al and Kveselis er al.” ° As 
reported by Lock et al,’ the distal end of the ex 
change guide wire was placed in the ascending aorta 
to facilitate replacement of the catheter. We did not 
use a Swan-Ganz catheter to traverse the aorti 
valve, however; we accomplished this objective by 
looping the guide wire within the left ventricle. A 
12 mm balloon catheter was used to facilitate th« 
subsequent passage of the larger 18 mm balloon 
across the atrial septum. As was also seen in one of 
Lock's patients," we found a small residual atrial 
septal defect at follow up catheterisation. Never 
theless, there was clinical and haemodynamic 
improvement after dilatation. To avoid creating an 
atrial septal defect after transseptal mitral valve 
dilatation, Babic et a/ performed mitral dilatation bs 
introducing the balloon catheter from the arterial 
side.'? All their patients were adults, however, and 
it is unlikely that this technique could be applied in 
young children. 

Congenital mitral stenosis accounts for only 0-2 
of all congenital heart defects.'" Four anatomical 
types have been described.'’ Typical mitral stenosis 
is found in nearly 50°, of patients. In this type the 
leaflets are thickened and are fused and the chordae 
shortened. Other types are mitral stenosis as a con 
ponent of the hypoplastic left heart syndrome, th« 
supravalvar mitral ring, and the parachute mitral 
valve. We think that for typical mitral stenosis bal 
loon dilatation is a reasonable alternative to surgical 
treatment, even in young children. 
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Aortic atresia with complete transposition 


ROXYNSLO, K C LAU, M AUNG-KHIN* 
From the Department of Paediatrics, University of Hong Kong; and the *Department of Pathology, 


Grantham Hospital, Hong Kong 


SUMMARY  Aortic atresia with ventriculoarterial discordance in a three day old neonate was 
studied by cross sectional echocardiography and the anatomy was confirmed at necropsy. 


Aortic atresia with hypoplasia of the ascending aorta 


and left ventricle nearly always occurs with’ 


atrioventricular and ventriculoarterial concordant 
connections and normally related great arteries.’ ? 
Its association with complete transposition of great 
arteries has been reported only once in a six year old 
girl studied by cardiac catheterisation.? We report 
the cross sectional echocardiographic and post- 
mortem findings of a neonate with this rare condi- 
tion. 


Case report 


A three day old Chinese female baby was referred 
because of poor feeding and cyanosis. She was 
the second child of healthy non-consanguineous 
parents. The antenatal history was uneventful and 
there were no early perinatal problems. She weighed 
3010 g at birth and had no external malformations. 
Examination revealed a blue tinge to the skin which 
increased when she cried and mild dyspnoea with a 
respiratory rate of 55 breaths per minute. The pulses 
were weak with a rate of 150 beats per minute and 
a pressure of 80/60 mm Hg in all limbs. The 
precordium was hyperactive with a biventricular 
impulse and the apex beat was displaced to the left 
midaxillary line. Auscultation showed a loud single 
second heart sound and a soft grade 2/6 ejection 
systolic murmur over the upper left sternal border. 
The lungs were clear and the liver was palpable 3 cm 
below the right costal margin. A chest x ray showed 
a cardiothoracic ratio of 0-68 and markedly plethoric 
lungs. The electrocardiogram showed evidence of 
right atrial and left ventricular hypertrophy with 
absence of the R wave in the right precordial leads; 
the mean QRS axis was 45°. Arterial oxygen partial 
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pressure in room air was 5-15 kPa and rose to 11-29 
kPa after breathing 100% oxygen. 

Cross sectional echocardiography was performed 
with an Advanced Technology Laboratory Mk600 
Duplex system machine mounted with a 5 MHz 
mechanical sector transducer. Standard precordial, 
subcostal, and suprasternal views were taken. 

There was the usual atrial arrangement and a con- 
cordant atrioventricular connection. The anterior 
right sided ventricle was small and had a hypoplastic 
though patent tricuspid valve with attachments to 
the interventricular septum (fig 1a). The posterior 
ventricle was large, smooth walled, and contained 
two papillary muscles with a bicuspid mutral valve. 
No ventricular septal defect could be identified. The 
pulmonary trunk arose from the posterior ventricle 
and was connected via a large ductus arteriosus to the 
descending aorta. The ascending aorta was not 
readily visible from the parasternal long axis view. It 
could be demonstrated from the apical four chamber 
projection by clockwise rotation of the transducer 
(fig 1b) and also from the high parasternal short axis 
view by rotating the transducer counterclockwise 
and tilting it towards the right shoulder; it was a 
small tubular structure running to the right and in 
front of the pulmonary artery (fig 1c). Its presumed 
connection with the right ventricle, however, could 
not be well demonstrated. The hypoplastic aorta was 
also clearly seen from the suprasternal notch view. 

A Doppler flow study with the sample volume 
placed in the ascending aorta showed that during 
systole there was retrograde flow from the aortic arch 
towards the aortic root while during diastole flow 
was away from the ascending aorta (fig 1d). 

Cardiac catheterisation was planned but was post- 
poned because the baby developed diarrhoea after 
admission. -On day 8 she became increasingly dys- 
pnoeic with wet lungs and gallop rhythm. Repeat 
echocardiography showed progressive deterioration 
of left ventricular contractions while the ductus re- 
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TOWARDS AORTIC ROOT 


a) Four chamber view showing the hypoplastic right ventricle and 

b) Apical long axis and (c) high parasternal short axis view showing the hypoplastic ascending aorta. 
Its connection with the heart was not demonstrated. (d) Suprasternal notch view of the hypoplastic ascending aorta. 
Doppler flow pattern with the sample volume (SV) in the ascending aorta showed flow towards the aortic root during 


systole and away from it in diastole. RA, right atrium; RV, right ventricle; LA, left atrium; LV, left ventricle; 
Ao, aorta; PA, pulmonary artery 





Fig 1 Cross sectional echocardiographic views. 
tricuspid valve 


mained widely patent. Despite active measures she 
finally succumbed to refractory heart failure when 
she was 10 days old. 


was the usual atrial arrangement. The cardiac apex 
was directed to the left and the systemic and 
pulmonary veins drained normally to the right and 
left atrial chambers respectively. No definite 
interventricular groove was present on the surface of 
the heart, but the distribution of coronary arteries 


NECROPSY FINDINGS 
The heart was large and weighed 67 grams. There 
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indicated a small right and a large left ventricle 
(fig 2a). The internal appearance of the atria was 
normal and the foramen ovale was patent. The left 
atrium was connected by a bicuspid mitral valve to 
the main ventricular chamber which had the mor- 
phological characteristics of a left ventricle (fig 2b). 
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Fig2 (a) Surface anatomy of the heart shi 
atrial situs solitus, a small right ventricle, and 
large left ventricle separated by the anterior 
descending branch of the left coronary ar 
arrows). (b) Opened view of the left 
showing bicuspid mitral valve and origin of th 
pulmonary artery from this ventricle. The mai 
pulmonary artery continued via a large ductu 
arteriosus to the descending aorta after giving 
the right (R) and left (L) pulmonary arteri 
(c) Opened view of the right heart showing thi 
hypoplastic thickened tricuspid valve | TV) an 
small right ventricular cavity. The as 
was small with an atretic aortic valve and subaorti 
region that merged with the muscle mass of the right 
ventricular wall (*). The aortic arch | AA 
larger and there was no coarctation. RA, right 
atrium; RV, right ventricle; LA, left atrium; LI 
left ventricle; Ao, aorta; PA, pulmonary arter 
DA, descending aorta; PDA, ductus arteriosu 





entrici 


cending aor 


The pulmonary trunk originated from the left ven 
tricle and was connected via a large ductus arteriosus 
to the descending aorta after giving rise to the right 
and left pulmonary arteries. The right atrium was 
connected via a stenotic and hypoplastic tricuspid 
valve to a small right ventricle which was present as 
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a tiny cavity within the thick muscle mass on the 
right shoulder of the left ventricle (fig 2c). No right 
ventricular outflow tract could be identified. The 
aortic valve and subaortic region were atretic and 
merged witb the muscle mass of the right ventricle. 
The ascending aorta was 2 mm in diameter and there 
were two coronary arteries present in the usual posi- 
tions. The aortic arch was larger and gave rise to 
normal brachiocephalic arteries. 


Discussion 


Aortic atresia with ventriculoarterial discordance is a 
rare congential malformation of the heart. We found 
only six cases reported in published reports. Three 
were associated with double inlet univentricular 
atrioventricular connection with main chamber of 
left ventricular morphology, one with corrected 
transposition, and one with absent tricuspid valve 
and atrioventricular discordance.* McGarry et al 
described the only patient with aortic atresia occur- 
ring with complete transposition of the great arteries 
diagnosed by angiography; this patient was alive at 
the age of six.? As in our patient, the clinical picture 
was dominated by heart failure with mild cyanosis. 
Physical examination showed cardiomegaly with 
a single second heart and non-specific murmurs. The 
electrocardiogram showed characteristically right 
atrial and left ventricular hypertrophy rather than 
right ventricular hypertrophy as seen in the usual 
hypoplastic left heart syndrome. Definitive diagnosis 
required further investigations such as cardiac cath- 
eterisation, and in our case non-invasive examination 
by cross sectional echocardiography. 

A morphologically left ventricle is considered to 
be more effective than a right ventricle as the 
supporting chamber for the systemic and pulmonary 
circulations and led to the long survival of 
McGarry’s patient. Theoretically a morphologi- 
cally left ventricle should also provide a more normal 
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physiological state.? The early death of our patient 
despite the patency of the ductus.arteriosus could be 
the result of insufficient coronary artery perfusion. 
Our Doppler study showed retrograde flow via the 
small ascending aorta that was present only during 
systole, while during diastole there was negative flow 
attributed to the low vascular resistance in the pul- 
monary vessles.Ó Coronary insufficiency, together 
with volume overloading of the systemic ventricle, 
rather than ductal closure may be the major cause of 
death in patients with aortic atresia because the 
ductus arteriosus was found to be widely patent in 
most patients.! ? 
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Neurogenic hypertension associated with an 
excessively high excretion rate of catecholamine 


metabolites 


CHRISTIAN FUNCK-BRENTANO,* JEAN-YVES PAGNY, JOÉL MENARD 


From Service d' Hypertension Artérielle et de Médecine Interne, Hópital Broussais, Paris, France 


SUMMARY A 60 year old hypertensive patient suffered several cerebral infarctions. A phaeo- 
chromocytoma was suspected because the excretion rates of vanillylmandelic acid and its 
methoxy derivatives were raised and the patient had hypertensive crises. No tumour was found, 
however, by ! *!"[-iodobenzylguanidine scintigraphy and computed tomography of the abdomen. 
Moreover, the enhanced orthostatic plasma catecholamine response suggested that the high ex- 
cretion rates of catecholamine metabolites were more likely to be caused by the syndrome of 
raised catecholamines after cerebrovascular accidents than a phaeochromocytoma. 

A phaeochromocytoma should not be diagnosed within several months of cerebral infarction 
without first excluding the possibility of a hyperadrenergic state induced by cerebral infarction. 


Hypertension associated with increased excretion of 
catecholamines has been described in several condi- 
tions that simulate phaeochromocytoma.'? We 
describe a hypertensive patient who had several 
cerebral infarctions and excessively high excretion 
rates of catecholamine metabolites that persisted for 
several months. Phaeochromocytoma, whether 
adrenal or ectopic, was not demonstrated despite the 
use of specific and sensitive diagnostic techniques. 
An excessive increase in plasma catecholamine con- 
centration in response to standing up suggested a 
non-tumoral pattern that was consistent with a 
neurogenic hyperadrenergic state. 


Case report 


A 60 year old man was referred to our hospital on 2 
December 1984 with severe resistant hypertension 
and a high excretion rate of catecholamine metabo- 
lites. He had a two year history of asymptomatic 
untreated hypertension with no other relevant medi- 
cal or surgical history. On 4 October 1984 right 
facial palsy with dysarthria developed suddenly and 
he was admitted to another hospital. Fluctuating 


*Present address: Dr Christian Funck-Brentano, Department of 
Pharmacology-—Room AA 3228, Medical Center North, Van- 
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high blood pressure was found. Examination 
disclosed a mild right hemiparesia without sensory 
loss. Clinical examination was otherwise normal. 
Standard laboratory values were normal. An electro- 
cardiogram disclosed typical signs of left ventricular 
hypertrophy and normal sinus rhythm. A chest 
radiograph showed mild cardiomegaly but no medi- 
astinal tumour. Intravenous digitised cervical angio- 
graphy showed major atherosclerotic lesions of both 
vertebral arteries without obstruction. The urinary 
excretion rate of catecholamine metabolites was 
measured 10 days after admission.’ It gave the fol- 
lowing results: vanillylmandelic acid 6:21 mg (31-3 
umoD/24h (normal < 8mg (404 pmol)/24h); 
metanephrine and  normetanephrine 1407 ug 
(normal < 7004g)/24h; normetanephrine 972 ug 
(5-3 pmol)/24 h. 

Blood pressure remained unstable despite the ad- 
ministration of several antihypertensive drugs 
(figure). Excretion rates of catecholamine metabo- 
lites remained raised and concentrations of nor- 


metanephrine predominated over those of 
metanephrine. The excretion rate of vanil- 
lylmandelic acid reached 11-8mg/24h 


(59:5 pmol/24h) on 16 November 1984. On 28 No- 
vember the patient had a left hemiparesis that spared 
his face. 

At admission the patient was drowsy. Supine 
blood pressure was 214/108mm Hg and the pulse 
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Figure Clinical course of the patient. Broken Imes represent the upper limit for normal values. The small 
arrow indicates the time the patient had his second cerebral infarction. The large arrow indicates the time of 
admission to our hospital. Daily dosage of antihypertensive drugs is indicated. MAP, mean arterial pressure. 


Values are the means of two or three daily supine blood pressure measurements; MN + NMN, 
metanephrine + normetanephrine. MN I pmol = 197-23 ug; NMN 1 pmol = 183-20 ug. 


rate was 66 beats/minute. He did not have a history 
of headache, excessive sweating, or palpitation. 
Neurological examination revealed a mild left sided 
pure motor deficit sparing the face, fluctuating con- 
sciousness, and frequent yawns. Clinical exam- 
ination was otherwise normal. Lumbar puncture 
yielded a sample of normal cerebrospinal fluid. A 
cerebral computed tomogram revealed multiple 
areas of reduced density. The blood pressure con- 
tinued to fluctuate, with supine systolic pressure 
ranging from 140 to 250mm Hg. Blood pressure 
peaks were not accompanied by headache, sweating, 
or tachycardia. Irrespective of the treatment the 
patient was taking, there was a mean drop of systolic 
and diastolic blood pressure of 25 and 10mmHg 
respectively and a concomitant 30% average in- 
crease of heart rate when he stood up. Micturition 
did not induce headache, sweating, tachycardia, or 
variation in blood pressure. The results of intra- 
venous pyelography were normal. À computed 
tomogram of the adrenal glands did not show a 
tumour. Whole body !?!?[.iodobenzylguanidine 
scintigraphy, which included the head, did not show 
any abnormal uptake. Urinary bladder uptake 
revealed no important abnormality. 


The excretion rate of catecholamine metabolites 
(metanephrine, normetanephrine, vanillylmandelic 
acid) reached a peak three days after the occurrence 
of the left hemiparesis and remained raised during 
the next three months. Then a second rise occurred 
(figure). The specificity of the urinary deter- 
minations was borne out by the results of high 
performance liquid chromatography. An oral dose of 
1 mg of prazosin produced a maximum drop of 4% 
in arterial blood pressure during a seven hour follow 
up. í 
Four and a half months after admission, 10 days 
after the withdrawal of guanfacine and while the 
patient was taking prazosin, nifedipine, and 
spironolactone, we measured plasma catecholamine 
concentrations while he was supine and after stand- 
ing up.* The following results were obtained: 
noradrenaline 5661 pg/ml (33:5pmol/ml) supine 
and 11796 pg/ml (69-7 pmol/ml) after standing for 
five minutes (normal supine <  355pg/ml 
(2-1 pmol/ml)); adrenaline 162 pg/ml (0:88 pmol/ml) 
supine and 287 pg/ml (1:57 pmol/ml) after standing 
for five minutes (normal supine < 85pg/l 
(0-46 pmol/ml)). Neurological examination was con- 
sistent with a so-called pseudobulbar palsy. 


A case of neurogentc hypertension 
Discussion 


This case emphasises the difficulty in distinguishing 
between phaeochromocytoma and cerebrovascular 
accidents causing raised concentrations of cate- 
cholamines. In hypertensive patients with raised 
excretion rates of catecholamine metabolites, the 
diagnosis of true (tumoral) phaeochromocytoma 1s 
suggested by several features. These are the triad of 
headache, sweating attacks, and palpitation. When 
this triad is absent, the probability of phae- 
ochromocytoma is <1 in 1000.5 A prolonged (75 h) 
fall in blood pressure after the administration of pra- 
zosin is also suggestive of phaeochromocytoma.® 
Crises precipitated by micturition have been 
described in patients with bladder phaeochromo- 
cytoma." 

Computed tomography can detect small tumours 
and is particularly useful for the diagnosis of ectopic 
tumours when these are indicated by scintigraphy or 
venous concentrations of catecholamines. The diag- 
nosis and localisation of adrenal and extra-adrenal 
phaeochromocytomas has been improved by the use 
of 13!™]-iodobenzylguanidine scintigraphy, which 
has a sensitivity of 89% and a specificity of 95% for 
the diagnosis of true phaeochromocytomas.® 

Plasma and urine catecholamine concentrations 
also help to distinguish between true phaeo- 
chromocytomas and the syndrome of raised 
catecholamines. Raised urinary concentrations of 
adrenaline usually indicate an intra-adrenal tumour; 
however, there are reports of false negative results.? 
It has been suggested that a plasma adrenaline con- 
centration of «200 pg/ml (1-1nmol/l) associated 
with a noradrenaline plasma concentration less than 
twice the upper limit of normal indicates a non- 
tumoral cause for the hyperadrenergic state.? The 
most important features in patients with phaeo- 
chromocytoma are the lack of an increase in plasma 
catecholamines in response to standing!^ and the 
lack of a decrease in plasma catecholamine concen- 
trations after pentolinium? or clonidine.!! When 
131m iodobenzylguanidine scintigraphy is negative 
but plasma catecholamine concentrations indicate 
the presence of a phacochromocytoma, selective ve- 
nous sampling of catecholamines is invaluable in de- 
termining the sources of the excess 
catecholamines.!? This technique requires consid- 
erable radiological skill and expert assay facilities, 
however. 

Cerebral infarction can increase total cate- 
cholamine concentrations in the peripheral venous 
plasma of hypertensive patients,! and cate- 
cholamine urinary excretion rates.!* Stoica etal 
found that urinary noradrenaline excretion in- 
creased in the first week after cerebral infarction in 
46 patients, whereas it was normal thereafter. The 
excretion rate of vanillylmandelic acid was normal 
during the first month.!* We believe that the clini- 
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cal, biological, and radiological picture in our pa- 
tient rules out the presence of a phaeochromocytoma 
and suggests a hyperadrenergic state induced by 
cerebral infarction. 

In hypertensive patients with high catecholamine 
excretion rates after cerebral infarction, 
131m] _iodobenzylguanidine scintigraphy and plasma 
catecholamine response to standing or suppression 
tests are most useful in distinguishing between a 
true phaeochromocytoma and the syndrome of 
raised catecholamines. Because blood pressure con- 
trol was only achieved in our patient after adminis- 
tration of. guanfacine and prazosin we suggest that 
hypertensive patients with high excretion rates of 
catecholamines after cerebral infarction should be 
treated with peripheral «, blocking agents and/or 
centrally acting a; agonists. 


We thank Dr Etienne Comoy for measuring the 
plasma catecholamine concentrations. 
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Rupture of the sinus of Valsalva during pregnancy 


T CRIPPS, C W PUMPHREY, D J PARKER 


From the Regional Cardiothoracic Unit, St George's Hospital, London 


SUMMARY 


A case is described in which rupture of the right sinus of Valsalva occurred at 37 


weeks' gestation. The ruptured sinus was successfully repaired one week after the delivery of a 


healthy infant by caesarean section. 


Rupture of a sinus of Valsalva has not been reported 
in pregnancy before. We describe such a case, and 
outline a successful management strategy. 


Case report 


A 22 year old Turkish Cypriot woman in week 37 of 
her first pregnancy attended her local hospital 
because of palpitation and chest pain. She had 
become aware of a sudden increase in her heart rate 
one week before when hanging out washing: there 
had been some retrosternal discomfort at the time. 
Subsequently a dry cough, dyspnoea, and ortho- 
pnoea had developed and a heart murmur was heard. 
Examination showed tachypnoea on minor exer- 
tion. She had a sinus tachycardia of 110 beats/min. 
The carotid upstroke was sharp and the cardiac 
impulse was hyperdynamic. The jugular venous 
pressure was normal. On auscultation a continuous 
murmur was most strongly heard in mid-systole and 
at the left sternal edge. The blood pressure was 
130/50 mmHg in both arms. Examination was 
otherwise unremarkable for week 37 of pregnancy. 
The chest radiograph showed increased vascular 
markings and the electrocardiogram was normal. 
The diagnosis was thought to be rupture of a sinus 
of Valsalva, though other causes of aortic run-off 
including aortic dissection with aortic valve regur- 
gitation were considered. Caesarean section was per- 
formed and polyhydramnios was found. The patient 
was delivered of a healthy female infant. Echo- 
cardiography showed a probable defect in the right 
sinus of Valsalva (fig 1) but in view of the possibility 
of aortic dissection it was felt that angiographic 
confirmation of the diagnosis should be obtained. 
Aortography demonstrated the presence of a com- 
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munication between the aorta and the right ventricle 
through the sinus of Valsalva (fig 2). 

One week later the patient continued to have evi- 
dence of an important left to right shunt with a rest- 
ing tachycardia and radiographic evidence of 
pulmonary venous congestion. Repair of the rup- 
tured sinus was undertaken and an aneurysm was 
found. It arose from the right coronary sinus of Val- 
salva and communicated with the right ventricular 
outflow tract just below the pulmonary valve. The 
defect was repaired with sutures from both the aortic 
and right ventricular aspects. 


Discussion 


Since the first case of rupture of the sinus of Valsalva 
was described by Thurnam in 1840 over 200 cases 
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Fig 1 Echocardiogram in long axis parasternal view 
showing a defect in the antertor aortic wall ( an). Flow 
through the defect was demonstrated with pulsed wave 
Doppler. RV, right ventricle; LA, left atrium; AO, aorta; 
av, aortic valve 
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Rupture of the sinus of Valsalva during pregnancy 





Fig 2 


Aortogram in the left anterior oblique projection 
showing regurgitation of contrast through a ruptured right 
sinus of Valsalva into the right ventricle. AO, aorta. 


have been reported! but this condition has not pre- 
viously been described in pregnancy. Most cases of 
aneurysm of the sinus of Valsalva are thought to be 
congenital, probably resulting from a lack of con- 
tinuity between the aortic media and the annulus 
fibrosis. There may be an associated ventricular 
septal defect, coarctation of the aorta, or a bicuspid 
aortic valve. Other cases result from an inherited 
connective tissue abnormality, as in Marfan's syn- 
drome or  Ehlers-Danlos syndrome; from 
inflammatory disease, as in endocarditis, syphilitic 
or granulomatous aortitis, or Behget’s disease; and 
from mechanical disruption after stab wounds, aor- 
tic dissection, or after aortic valve replacement or 
ventricular septal defect repair. A congenital 
aneurysm may persist into middle age, when it may 
cause right ventricular outflow obstruction or may 
rupture into any of the four cardiac chambers, the 
pulmonary arteries, pericardium, or adjacent extra- 
vascular spaces. Echocardiography may allow the 
detection of the aneurysm before the onset of symp- 
toms.? 

This case was typical of the congenital type; per- 
haps rupture was precipitated by the hyperdynamic 
state of late pregnancy coupled with hormonally 
induced changes in the mechanical properties of 
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connective tissue. It was felt that since the patient 
was already haemodynamically compromised, cac 
sarean section was the preferred method of delivers 
The risks of allowing vaginal delivery in this condi 
tion are unknown, since the condition has not beer 
reported before in pregnancy, but it was thought 
likely that the haemodynamic changes occurring 
during labour would exacerbate the left to right 
shunt and perhaps extend the aneurysmal tear. Aft 
delivery, as would be expected, evidence of a con 
tinuing important left to right shunt was present 
and the defect was corrected. A delay of several day 
was allowed, to minimise the risk of haemorrhag« 
from the placental site. Although delivery can pro 
ceed without complications in heparinised patients 
haemorrhage was still a risk. Ergometrine was con 
traindicated in the presence of a ruptured sinus of 
Valsalva. 

In this case the optimal management was 
because the patient was close to term and so could b« 
delivered without undue risk to the child. Had the 
patient presented earlier in pregnancy, the decision 
whether to allow pregnancy to continue would ha 
depended on the balance between the risk to th« 
child of an early delivery and the haemodynamic 
consequences to the mother of continuing to a lat 
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until 37 weeks’ gestation and the management 
described resulted in a successful outcome for bot! 
mother and child. This report parallels a recent onc 
of acute aortic dissection during pregnancy, and 
both illustrate a successful management strategy 
with prompt caesarean section and definitive early 
surgery for the maternal condition. 


We are grateful to Mr M Pearce who conducted thi 
obstetric management of this case. 
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Incidence of spasm at the site of previous successful 
transluminal coronary angioplasty: effect of 
ergometrine maleate in consecutive patients 


Sir, 

Quyyumi et al (1986;56:27-32) report an 
increased sensitivity to  ergometrine maleate 
(ergonovine maleate) at the site of previous success- 
ful transluminal coronary angioplasty in over a third 
of their patients. This finding has obvious clinical 
implications, especially with regard to restenosis. 
Unfortunately the illustrations of the coronary 
angiograms in fig 4 leave much to be desired. Fig 4b 
which is meant to show “successful dilatation of the 
stenosis" seems to show a rather severe narrowing in 
the proximal left anterior descending artery which 
does not appear to be much different from the origi- 
nal lesion shown in fig 4a and which was the very 
same site where spasm resulted from intravenous 
ergometrine shown in fig 4c. Thus I wonder if one is 
justified in calling the response an increased 
sensitivity if the coronary arterial lesion before 
ergometrine was already very tight. Although single 
frames from cineangiograms often do not do justice 
in depicting coronary lesions, I think the examples 
in fig 4 are certainly not very convincing. Authors 
generally tend to show their best products in their 
presentation; I wonder if Quyyumi et a/ have better 
examples than those published. 


Tsung O Cheng, 

Department of Medicine, 

The George Washington University Medical 
Center, 

The HB Burns Memorial Building, 

2150 Pennsylvania Avenue, NW, 
Washington, DC 20037, 

USA. 


This letter was shown to the authors, who reply as 
follows: 


Sir, 

We thank Dr Cheng for his comments. As Dr 
Cheng rightly points out, single frames from cine- 
angiograms often do not do justice in depicting 
lesions. We have therefore reproduced in biplane 
views (figs 1 and 2) the pre-angioplasty and post- 
angioplasty lesion from the same patient as in our 
paper. We are sure that there can be little doubt that 
this patient did have a successful angioplasty. 





Fig] Cinzangiograms of the original lesion in proximal left 
anterior descending coronary artery. (a) Anteroposterior 
view; (b) left anterior oblique cranial view, 


LM Shapiro, 

M Raphael, 

A Rickarcs, 

K Fox, 

National Heart Hospital, 
Westmoreland Street, 
London W1M 8BA. 
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Fig2  Cineangiograms of similar views of the left anterior descending coronary artery demonstrating successful 
dilatation of the stenosis. (a) Anteroposterior view; (b) left anterior oblique cranial view. 


Early results after percutaneous transluminal 
coronary angioplasty in 400 patients 


Sir, 
Dr Sowton and coworkers (1986;56:115-20) report 
five angioplasty related deaths in the first 400 
patients who underwent percutaneous transluminal 
coronary angioplasty at Guy's Hospital. In 1985, 
one of the authors of this study, Dr Timmis, 
presented the preliminary results to the Junior Car- 
diac Club. At that time, 254 patients had undergone 
the procedure and there had been six deaths. The 
mortality figures are recorded in the minutes of the 
Club, which are not published or distributed but are 
held by the President of the Club and available for 
inspection by members. 

I should be grateful if the authors would explain 
whether changes in protocol or inclusion criteria 
account for these discrepancies in mortality figures. 


Peter Wilmshurst, 
Department of Cardiology, 
St Thomas's Hospital, 
London SE1 7EH. 


This letter was shown to the authors, who reply as 
follows: 


Sir, 

The results in our paper were for the first 
angioplasty, as stated in our introduction. The 
presentation to the Junior Cardiac Club by Dr 
Timmis included results and complications in 
second or third angioplasties of patients who had 
recurrent angina. As also stated in our paper the 
results in patients who have relapse over a five 
year period will be presented in a separate 
communication. 

Adam D Timmis, 

Edgar Sowton, 

Department of Cardiology, 

Guy's Hospital, 

St Thomas Street, 

London SE1 9RT. 


494 


Correspondence 


Diagnosis and prognosis of right ventricular 


infarction 


Sir, 

The important paper by Dr Rodrigues and col- 
leagues (1986;56:19—26) showed that in a series of 51 
patients with acute infarction of the inferior myo- 
cardial wall, right ventricular ejection fraction was 
depressed in all cases, while pyrophosphate scin- 
tigraphy was positive in 25 (~50%) of the 51 
patients. Moreover, severe right ventricular dys- 
function was taken to be a right ventricular ejection 
fraction of «0-25 and 50% of their patients fell into 
this category. They also argued that this stricter cri- 
terion (right ventricular ejection fraction « 0-25) 
enhances the specificity of radionuclide ventricu- 
lography in the diagnosis of right ventricular 
involvement. 

We should like to make the following comments: 

(a) It is surprising that they found a clear cut 
depression of right ventricular ejection fraction in all 
patients; this finding does not accord with the 
pathoanatomical! and radionuclide? ^4 reports and it 
suggests incorrect selection of the patient popu- 
lation. Did they exclude patients with chronic pul- 
monary obstructive disease, valvar heart disease, or 
right bundle branch block? 

(b) Rodrigues et al obtained negative pyro- 
phosphate scans in about half of their patients. If 
this finding is compared with that in (a), it follows 
that half of their patients showed right ventricular 
dysfunction in the absence of scintigraphic, and per- 
haps also clinical and electrocardiographic, findings 
consistent with right ventricular necrosis. 

(c) Using a right ventricular ejection fraction 
«0 25 as the criterion for right ventricular dys- 
function Rodrigues et al reported involvement of the 
right ventricle in 50% of patients. What then, was 
the meaning of the lower limit (0-53) of normal 
range for right ventricular ejection fraction? 

(d) Garty et al emphasised that regional wall 
motion abnormalities are the most constant finding 
with the greatest sensitivity and specificity in the 
diagnosis of right ventricular infarction. We 
and our coworkers demonstrated a statistically 
significant correlation between depressed right ven- 
tricular ejection fraction and the presence of regional 
wall motion abnormalities of the right ventricle in a 
series of patients with acute infarction of the inferior 
myocardial wall Analysis of right ventricular 
regional wall motion was not reported by Rodrigues 
et al. 

(e) Rodrigues et al did not report left ventricular 


ejection fractions in the acute phase of infarction 
(days 2 to 4) nor give details of treatment. 

(f) Could Dr Rodrigues and colleagues explain 
why mean nght ventricular ejection fraction was 
0-21 in the 14 patients without clinical features of 
right ventricular dysfunction? 

B Palagi, 

R Picozzi, 

R Baroffio, 

Servizio di Medicina Nucleare and 

Servizio di Cardiologia ed Unità Coronarica, 
Ospedale di Saronno, 

21047 Saronno (VA), Italy. 
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1978,42:358—62. 

4 Garty I, Barzilay J, Bloch L, Antonelli D, Koltum B. 
The diagnosis and early complications of right ven- 
tricular infarction. Eur J Nucl Med 1984;9:453-60. 
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rior acute myocardial infarction.clinical correlations 
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This letter was shown to the authors who reply as 
follows: 


Sir, 

We thank Dr Palagi and colleagues for their inter- 
est in our paper and for their comments. They pose 
a number of questions which we will try to answer 
succinctly. d 

Patient selection is important; our patients had 
been admitted to our coronary care unit and over 
90% had sustained transmural myocardial 
infarction. We excluded patients with chronic 
obstructive pulmonary disease or valvar heart dis- 
ease. We have previously reported that after anterior 
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transmural anterior myocardial infarction left ven- 
tricular ejection fraction was below the lower limit of 
normal in virtually all patients and was «0-25 in 
40*,.! In that study gross right ventricular dys- 
function as detected empirically by right ventricular 
enlargement and abnormal wall movement was seen 
in 43% of all patients surviving inferior infarction. 

Dr Palagi and colleagues may have misunderstood 
the point regarding pyrophosphate scintigraphy. All 
patients had a positive uptake in the myocardium, 
but only in 25 was the uptake detectable in the right 
ventricle. We discussed the possible reasons for 
negative pyrophosphate scintigrams in the text. 

The aim of our study was to compare the 
reliability of the various non-invasive diagnostic 
methods of determining the frequency of right ven- 
tricular involvement in acute inferior wall myo- 
cardial infarction and, more importantly, to examine 
the clinical implications and prognosis of right ven- 
tricular involvement. By using the arbitrary figure of 
0-25 for right ventricular ejection fraction we were 
able to identify those patients with more severe right 
ventricular dysfunction whose clinical progress was 
likely to be complicated both in the short and the 
long term. Those with less pronounced right ven- 
tricular dysfunction (ejection fraction 0-25 to 0-53) 
showed subsequent improvement in right ventricu- 
lar function and in the main their progress has been 
satisfactory. The results would not have been sub- 
stantially different if the equally arbitrary value of 
0-3 for right ventricular ejection fraction had been 
taken. 

Wall motion analysis was performed with phase 
analysis and, as stated in the summary, persisting 
right ventricular dyskinesia was evident in six 
patients with poor residual ventricular function, but 
when a segmental wall motion score was used as an 
isolated variable it was not of further discriminant 
value. The complex anatomy of the right ventricle, 
however, makes the accurate study of abnormal wall 
motion difficult from any assessment in a single 
plane. 

Our report showed left ventricular ejection frac- 
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tion at days 2 to 4 which is at a comparable time to 
our previous study! and after the spontaneous acute 
changes in left ventricular ejection fraction in the 
first 24 hours have subsided. Treatment was stan- 
dardised according to our own therapeutic schedule 
and there were no deviations from this. 

Finally, we suggest that right ventricular 
infarction only becomes clinically apparent when 
gross right ventricular damage is sustained. Should 
accurate non-invasive methods of diagnosis be 
unavailable we believe that the index of clinical sus- 
picion for right ventricular dysfunction should be 
high in all cases of transmural inferior myocardial 
infarction. We have reread the paper by Dr Palagi 
and colleagues and we suggest that our paper sup- 
ports their final conclusion “that the characteristic 
feature of inferior MI is a decreased RVEF .,.".? 
Different patient selection is the likeliest reason for 
the variation in the reported frequency of poor right 
ventricular function. 


AL Muir, 

NG Dewhurst, 
Department of Medicine, 
'The Royal Infirmary, 
Edinburgh EH3 9YW. 


EA Rodrigues, 

Cardiology Department, 

Northwick Park Hospital and Clinical Research 
Centre, 

Watford Road, 

Harrow, Middlesex HA1 3UJ. 
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` British Cardiac Society 


'The Autumn Meeting will be held at the Wembley 
Conference Centre, London, on 24 to 26 November 
1987, and the closing date for receipt of abstracts 
will be 10 July 1987. 

'The Annual General Meeting for 1988 will take 
place in Belfast on 23 and 24 March 1988, and the 
closing date for receipt of abstracts will be 4 January 
1988. 


Cardiac Doppler 


The 3rd International Congress on Cardiac 
Doppler, sponsored by the International] Cardiac 
Doppler Society, will be held in Cologne on 19 to 23 
October 1987. Inquiries to Heide Harzheim, Post- 
fach 50 14 70, 5000 Cologne 50, Federal Republic of 
Germany. 
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The history of coronary care units 


D G JULIAN 
From the British Heart Foundation, London 


Coronary heart disease excited little interest among 
cardiologists 1n the 1950s. In 1959 only six out of 65 
articles in the British Heart Journal were on coro- 
nary disease and in 1964 seven of 89 articles were on 
ischaemic heart disease and 28 on congenital heart 
disease. There were, however, those who were con- 
cerned about how little we then' knew about myo- 
cardial infarction, among them Professor (now Sir 
John) McMichael, who initiated research in this 
field at Hammersmith Hospital, and Gunnar Biorck 
of Stockholm who wrote: “There are few diseases in 
the sphere of internal medicine where the average 
mortality during four to six weeks hospitalization is 
over 30%, and if the patients with shock are particu- 
larly considered, the figure is more than twice as 
large. It is obvious that the task of treatment and 
prevention is tremendous and it appears necessary 
that more energy be directed to a considerable 
reduction in these figures. The mere quantity of the 
problem may have prevented us from calling all 
forces to arms in the ‘infarct battle’. However, our 
surgical colleagues would never accept a mortality of 


this magnitude and would certainly mobilize per-' 


sonnel and technique to bring such figures down."! 

In fact, important advances had been taking place, 
although their relevance to patients with acute coro- 
nary heart attacks were not initially appreciated. 
Beck and colleagues in 1947 had resuscitated, by 
electric shock, a 14 year old boy in whom ventricular 
fibrillation developed during operation?; nine years 
later, Beck's group was successful in correcting ven- 
tricular fibrillation, using open thoracotomy, in a 65 
year old physician with a myocardial infarction.? 
This led them to write, with remarkable foresight, 
“This one experience indicates that resuscitation 
from a fatal heart attack is not impossible and might 


Requests for reprints to Professor D G Julian, British Heart 
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be applied to those who die in the hospital and per- 
haps to those who die outside the hospital.?? They 
concluded “The veil of mystery is being lifted from 
heart conditions, and the dead are being brought 
back to life." Many surgeons then became trained in 
the techniques of open chest cardiac massage, but 
cardiac resuscitation was not taught or discussed by 
physicians. In the next five years about 20 cases of 
resuscitation after myocardial infarction were 
reported. 

These reports of the successful treatment of “‘sud- 
den death” stimulated interest at the Royal 
Infirmary, Edinburgh, and we decided to treat car- 
diac arrest complicating myocardial infarction by 
thoracotomy, open chest massage, and defibrillation 
if the circumstances were propitious. On 5 May 
1960, a 40 year old physician with a myocardial 
infarction collapsed on admission to the ward. A 
scalpel, which was poised to incise a cubital fossa in 
an adjacent catheterisation laboratory, was diverted 
to initiate a thoractomy. After some minutes, help 
became available from our surgical colleagues, who 
performed more effective cardiac massage until 
internal defibrillation could be carried out. The 
patient made an excellent cardiac recovery (he sus- 
tained some cerebral damage but survived for 23 
years). By a curious quirk of fate he was an alumnus 
of Johns Hopkins Hospital, and shortly after his 
recovery he showed us an article in the hospital jour- 
nal describing closed chest cardiopulmonary resus- 
citation, which had been developed there by Kou- 
wenhoven, Jude, and Knickerbocker * We had by 
this tune resuscitated (temporarily) two other 
patients by open chest techniques, and we used 
closed chest massage for a further two patients in 
that year. Although they both died later, it was 
apparent that our inability to keep more than one of 
our five patients alive was due to the delay in ini- 
tiating treatment and lack of skills in the staff at 
hand. It, therefore, seemed appropriate to write: 


497 


498 


“Many cases of cardiac arrest associated with acute 
myocardial ischaemia could be treated successfully if 
all medical, nursing, and auxiliary staff were trained 
in closed-chest cardiac massage and if the cardiac 
rhythm of patients with acute myocardial infarction 
were monitored by an electrocardiogram linked to 
an alarm system." ... “All wards admitting patients 
with acute myocardial infarction should have a sys- 
tem capable of sounding an alarm at the onset of an 
important rhythm change and of recording the 
rhythm automatically on an ECG.” ... ““The pro- 
vision of the appropriate apparatus would not be 
prohibitively expensive if these patients were admit- 
ted to special intensive-care units. Such units should 
be staffed by suitably experienced people through- 
out the 24 hours."? 

This first description of what later became known 
as the coronary care unit was presented to the British 
Thoracic Society ın July 1961, and published in the 
Lancet shortly afterwards.) When these concepts 
were proposed to the medical staff of Sydney Hospi- 
tal (notably Dr Malcolm Whyte and Dr Gaston 
Bauer) they were welcomed enthusiastically and 
plans were put in hand in October 1961 to provide 
the necessary beds, apparatus, and staff training. 
Monitoring of patients with myocardial infarction 
started early in 1962 and became routine in Sydney 
Hospital later in that year. Virtually simultaneously, 
Day in Kansas, Meltzer in Philadelphia, and Brown 
in Toronto started similar units. In 1963, units were 
opened in Melbourne by Sloman, ın New York by 
Grace, and in Miami by Ungar, but few others 
started in the next year. The picture changed dra- 
matically, particularly in North America, after the 
publication of the first reports by Day® and Brown 
etal.’ The first report from Sydney was rejected by 
the Lancet, because the journal had recently 
accepted Brown etal’s article, and by the British 
Medical Journal because "it was irresponsible to 
suggest that all patients with acute myocardial 
infarction should be admitted to wards in which they 
can receive intensive care." It was published nine 
months later ın the Medical Journal of Australia? 

The first presentation of coronary care given to 
the British Cardiac Society was at the Autumn meet- 
ing in 1964 when the Sydney experience was 
described. At the same meeting Shillingford and his 
colleagues reported the setting up of a special unit 
at Hammersmith Hospital for the intensive 
investigation of myocardial infarction. 

Meltzer and Kitchell, in a historical review of 
coronary care units, described five phases in their 
development: the resuscitation phase, the phase of 
vigorous management of arrhythmias, the phase of 
the vigorous investigation and treatment of pump 
failure, the phase of out of hospital coronary care, 
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and a final phase aimed at the prevention of sudden 
death.? To this, Norms has added a sixth phase— 
that of trials for restriction of infarct size.!? 


The phase of resuscitation 


It was essentially the successes of closed chest car- 
diac resusc:tation that triggered the creation of what 
Day christened the coronary care unit. Initial results 
of treating ventricular fibrillation were not good, but 
rapidly improved as more staff were trained. Thus in 
Sydney only one of the first nine patients survived 
compared with six of the next 15.!! A crucial 
advance, not only in coronary care but in hospital 
medicine generally, was giving nurses the 
responsibility for the detection and treatment of 
arrhythmias (including defibrillation). Meltzer and 
Kitchell in Philadelphia, who were responsible for 
this development, writing about their early experi- 
ence said “Informal attempts were made to monitor 
selected patients (using makeshift equipment) by 
having a rotating team of house offcers remain in 
constant attendance in the unit. The results were 
dismal: the resident physicians were hopelessly 
bored with the inactivity and the seemingly endless 
vigil, and it became necessary to discontinue the 
effort abruptly to avoid (what now would be called) 
a demonstration. By default, a system of specialized 
care was then conceived wherein nurses rather than 
physicians assumed the primary responsibility for 
surveillance as well as for emergency treatment."? 

By the late 1960s all units were reporting excellent 
results in cases of primary ventricular fibrillation but 
a low success rate in those in whom this arrhythmia 
had been preceded by shock or cardiac failure. In the 
20 years sirce then the situation has remained much 
the same. 


The attack on arrhythmias 


Curiously, although the first four coronary care 
units used similar methods of monitoring they came 
to rather different conclusions about the major 
mechanism of death. Day found that asystole was 
the commonest arrhythmic problem (eight of 11 car- 
diac arrests) and Brown et al reported that ventric- 
ular fibrillation was relatively uncommon’; whereas 
in Philadelphia!? and Sydncey!! ventricular fibrilla- 
tion was considered to be the greatest single cause of 
death. These differences probably reflected the 
different types of patient admitted to the four units. 
Eventually, the results of these and other units 
proved similar, with ventricular fibrillation being 
seen in 8-10% of patients. 

Workers in the earliest coronary care units had all 
been intensely interested in arrhythmias and con- 
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duction disorders and it had soon become apparent 
that arrhythmias were much more common than had 
previously been suspected.!! Particular attention 
was paid to ventricular extrasystoles because they 
were found to be almost universal. This interest 
culminated ın the classic paper by Lown’s group 
which reported that not one of 300 patients with 
myocardial infarction developed ventricular 
fibrillation.!? They attributed this remarkable result 
to the detection of “warning” arrhythmias and their 
treatment with lignocaine. 

After this report there was a tremendous enthusi- 
asm for the detection of arrhythmias and in many 
units nurses were instructed to intervene at the first 
sign of "ectopy"'. Increasingly they were expected to 
identify even the most rare arrhythmias and to 
become experts in fascicular blocks. Not sur- 
prisingly, scepticism eventually crept in, with Lie 
etal'* in Amsterdam and El-Sherif and his 
colleagues!? in Miami actually having the temerity 
to doubt the existence of warning arrhythmias”. It 
has now become fairly clear that there is a relation, 
albeit rather weak, between the R-on- T phenom- 
enon and primary ventricular fibrillation, but the 
other ventricular arrhythmias including ventricular 
tachycardia are about as common in those who do 
not develop primary ventricular fibrillation as in 
those who do.!Ó The relation between warning 
arrhythmias and secondary ventricular fibrillation 
has never been satisfactorily studied. 

The development of coronary care coincided with 
a rapid expansion in the use of transvenous pacing. 
As with ventricular arrhythmias, indications for 
treatment were progressively widened so that in 
1967 transvenous pacing electrodes were inserted in 
35% of patients with myocardial infarctions in the 
New York Hospital-Cornell Medical Center.? 
Subsequently, the relatively benign course of sinus 
bradycardia and of heart block in inferior myo- 
cardial infarction became clearer and electrodes are 
now much less frequently used than they were. 


The attack on pump failure 


Whth the successes in resuscitation and the ability to 
control arrhythmias and conduction disorders the 
main causes of death became advanced left ventricu- 
lar failure and cardiogenic shock. Before the intro- 
duction of coronary care units there had been few 
studies of the cardiorespiratory consequences of 
myocardial infarction, partly perhaps because of the 
expected risks of invasive investigation. By the time 
of the first international meeting on coronary care, 
held in Edinburgh in 1967,'’ a large amount of 
information had been gathered, notably by Malm- 
crona and Varnauskas in Sweden, ' by Shillingford's 


499 


group at Hammersmith, by Mackenzie?" in 
Donald's group 1n. Edinburgh, and by Nixon at 
Charing Cross Hospital?! Shortly afterwards the 
Myocardial Infarction Research. Units. (MIRU) 
were created in the United States and a large pro- 
gramme of research was initiated into the 
investigation of the haemodynamic effects of myo- 
cardial infarction. It had been shown that tbe com- 
monly used right atrial and ‘‘central venous" pres- 
sures provided an unreliable index of left sided 
function??; the introduction of the Swan-Ganz?? 
flow guided catheter was a major advance in the 
evaluation of cardiac performance in the coronary 
care unit. This allowed the more precise delineation 
of the various haemodynamic subsets of patients?* 
with myocardial infarction and facilitated their more 
rational treatment. 

Enthusiasm for invasive monitoring has varied 
enormously from one centre to another. In many 
hospitals, notably in the United States and Austra- 
lia, 1nvasive monitoring became virtually routine 
while in the United Kingdom only a few hospitals 
have had the facilities and expertise to use it. At 
present it 1s probably true to say that it is used in a 
small proportion of cases (perhaps 5-15% ) even in 
those institutions that have access to invasive moni- 
toring. Its use is largely dictated by clinical indi- 
cations. These are essentially cardiogenic shock and 
severe left ventricular failure, and few would ques- 
tion the advisability of having precise measurements 
of left and right-sided pressures when potent 
inotropic and vasodilator drugs are being used. The 
cost of the resources and drugs used in complicated 
myocardial infarction is considerable and it is 
unfortunate that we still have no well controlled 
studies of the value of such investigations and the 
effect of such treatments. 


Prehospital coronary care 


The introduction by Pantridge and his colleagues of 
prehospital coronary care in 1966 was an advance of 
the greatest importance.”> Prehospital care was also 
developed in the Soviet Union but the concepts were 
quite different from those of Pantridge—the pri- 
mary concern was with the treatment of cardiac fail- 
ure and shock rather than the prevention and treat- 
ment of cardiac arrest. In 1968 Chazov wrote: 
*Fibrinolytic therapy (streptokinase) is started 
within the first hours after the onset of the disease. 
The treatment is derived from the fact that throm- 
bosis of the coronary arteries is revealed in 70-80% 
of myocardial infarction cases. When started early 
and carried out for a sufficiently long time ... this 
therapy leads to marked improvement in the course 
of myocardial infarction—rapid control of pain, less 
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cardiac failure, less rise of blood transaminase, and 
more rapid signs of ECG healing. The effect of the 
therapy is associated with the action of the prepara- 
tions on the principal thrombus, but also with the 
spasmolytic properties of heparin and fibrinolytic 
enzymes. In addition, the effect on the so-called sec- 
ondary thrombi is of great significance in reducing 
the area of ischaemia and necrosis.”’?° 

Because Geddes recently reviewed the 20 year his- 
tory of prehospital coronary care?” I will not con- 
sider this aspect further. It has taken all of these 20 
years to achieve acceptance, at least 1n the United 
Kingdom, but at last it seems that there is general 
enthusiasm for prehospital coronary care and the 
Department of Health and Social Security is 
encouraging the extended training of ambu- 
lancemen. Paradoxically, whereas the realisation 
that techniques of coronary care can be practised by 
paramedical personnel finally led to this change of 
approach, a reversion to Pantridge’s original 
approach of using doctors for prehospital care will 
probably follow the introduction of thrombolytic 
treatment. 


Limitation of infarct size 


The idea that early intervention might limit the 
eventual extent of infarction was implicit in Pan- 
tridge's development of the mobile coronary care 
unit? and made explicit by Chazov;?? but the con- 
cept of limitation of infarct size also owes much to 
the work of Maroko and Braunwald.?? More than 30 
forms of treatment have been tried out in animals or 
man with this aim in view; so far only f! blockers?? ?! 
and thrombolytic agents?? ?? appear to have stood 
the tests of time and clinical trials. Convincing evi- 
dence of the value of these treatments has only been 
forthcoming recently and it is too soon to know how 
widely they will be used and what their impact will 


be on coronary care. T'hrombolytic treatment must. 


be started as early as possible; however, admission of 
coronary patients to intensive care is still deplorably 
slow. In the Jate 1960s and early 1970s the median 
time from the onset of symptoms to admission to 
coronary care units was usually 5-6 hours; it is 
probably no better now except where prehospital 
schemes are in force. Indeed, there are teachirig hos- 
pitals where the median admission times are in 
excess of cight hours. It is clear that there must be 
major initiatives inside and outside hospital to accel- 
erate the care of patients with acute myocardial 
infarction. 


The effectiveness of coronary care units 


If the British were rather slow in implementing 
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coronary care, they were not backward in question- 
ing its value. Cochrane in 1972 wrote that “the bat- 
tle for coronary care is just beginning."?* Rose was 
particularly critical of the early units for not more 
carefully comparing their experiences before and 
after the introduction of coronary care and he also 
suggested that if intensive coronary care were indeed 
effective there should have been some impact on 
national mortality figures.?5 

In fact, in Edinburgh an administrator with a spe- 
cial expertise in epidemiology was asked to advise on 
the assessment of the effect of the opening of the 
unit, and a research fellow was appointed to under- 
take this. During the first year of operation of the 
unit mortality was 16:495, compared with 23-4% in , 
an apparently comparable group of cases in the pre- 
ceding year. Ninety one (15%) of the first 600 
patients died; however, a further 25 (496) of the 
patients became long term survivors of ventricular 
fibrillation. The mortality had, therefore, been 
reduced by 21% by this means alone. Others who 
compared mortality in the general wards with that of 
the coronary care unit included Meltzer,?? Hofven- 
dahl,?? and Brown and MacMillan??; all reported a 
substantially lower mortality in the coronary care 
unit. 

Another approach to the assessment of the poten- 
tial of coronary care was the setting up of the 
Edinburgh Community Study,” which sought to 
determine the number of heart attacks in the com- 
munity and their management. It became apparent 
that even such a study could not accurately assess 
the impact of coronary care on the community, 
although it confirmed the high incidence of early 
deaths that could not be affected by conventional 
coronary care. A clear cut immediate effect on the 
number of coronary deaths in Edinburgh was not 
expected because these had been increasing in the 
preceding years. In the United States, Australia, and 
New Zealand, however, where the institution of 
coronary care has been most extensively promoted, 
the mortality of those between the ages of 35—64 has 
been falling since 1967^! (the time of the widespread 
introduction of coronary care units). It is clearly 
wrong to attribute most of the fall in mortality rates 
in the countries cited to the introduction of coronary 
care units; Reader suggested that it might be 
responsible for at least 20% of this reduction. 

All these attempts to assess the effectiveness of 
coronary care units were unquestionably of dubious 
validity. In 1967 Oliver and his colleagues, who 
already had had extensive experience of clinical tri- 
als, pointed out why it would be virtually impossible 
to carry out a valid randomised control trial of coro- 
nary care units.*? None the less, trials of home ver- 
sus hospital treatment were mounted in Bristol and 
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south west England,*? and in Nottingham.** Essen- 
tially, both studies found that there was little or no 
benefit from hospital treatment. These results have 
been extensively debated since and this is not the 
place to repeat the arguments. In any case, our 
knowledge of how to conduct clinical trials has 
increased enormously since then. In particular, we 
have learned of the importance of ensuring that the 
study has sufficient power before concluding that a 
treatment is ineffective. Furthermore, we must be 
sure that the treatment (whether we are using drugs, 
surgical treatment, or resuscitation techniques) is 
being competently applied to those most likely to 
benefit from it before we damn it. Despite their 
defects, these studies did serve a very important 
function in drawing attention to the fact that 
intensive care can have no significant impact on 
mortality in low risk groups (such as those in good 
condition several hours after the onset of symp- 
toms). 


The future of coronary care units 


CORONARY CARE OR CARDIAC CARE? 

Many of the patients admitted to coronary care units 
have not sustained a myocardial infarction. The 
units have been of inestimable value in treating 
patients with arrhythmias and in managing unstable 
angina and other cardiac emergencies. “Coronary 
care unit" is therefore a widely accepted misnomer; 
“cardiac care unit" 1s perhaps a more accurate term 
but it does not seem to have the same appeal. 


SHOULD CORONARY CARE BE PART OF 
INTENSIVE CARE? 

At one time there was the widespread feeling that 
coronary care units should be integrated with 
intensive care units. This has not happened to any 
great extent, although there are some successful 
examples. Combined units can work well provided 
that the cardiac beds form a distinct part and a cardi- 
ologist is responsible for the cardiological training 
and practices of the staff. 


SHOULD CORONARY CARE UNITS BE LINKED TO 
CARDIAC CATHETERISATION AND CARDIAC 
SURGICAL FACILITIES? 

The role of cardiac catheterisation, angioplasty, and 
cardiac surgery is increasing in the management of 
patients admitted to coronary care units for myo- 
cardial infarction, unstable angina, or arrhythmias. 
The various facilities in cardiac centres must be 
designed to take account of these functions. 
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HOW CAN THE BENEFITS OF CORONARY CARE 
BE MAXIMISED AND ITS COSTS MINIMISED? 
Coronary care remains an expensive form of man- 
agement that can only be justified if it is restricted to 
those patients likely to benefit from it. The most 
urgent need is to accelerate the initiation of coronary 
care, including the administration of thrombolytic 
treatment, outside and inside hospital. Cardiologists 
throughout the United Kingdom should attempt to 
ensure that prehospital coronary care is improved, 
and that the physicians in the 25% of hospitals that 
do not have cardiologists are made aware of the 
importance of implemenung appropriate acute coro- 
nary management. 

Simpler and cheaper methods need to be devised 
to monitor patients whose only major risk is ventric- 
ular fibrillation, and the effectiveness of expensive 
invasive monitoring and the newer forms of treat- 
ment of shock and cardiac failure needs to be 
evaluated in controlled trials. 
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Heart rate/ST slope 


RAPHAEL BALCON 
From the London Chest Hospital, London 


In 1979 Berenyi et al first proposed that the rate of 
change of ST segment with respect to heart rate (the 
HR/ST slope) might be an indicator of the amount 
of prejudiced myocardium as judged by the coro- 
nary arteriogram.! This suggestion has been exten- 
sively studied particularly by the Department of 
Cardiovascular Studies at The University of Leeds. 
In 1982 these workers reported an excellent cor- 
relation between the slope and the number of main 
vessels with at least 75% stenosis, with no overlap of 
the slope ranges for one, two, and three vessel 
disease.? 

Because heart rate is an important determinant of 
myocardial oxygen consumption it seems logical to 
propose that a relation between, the degree of 
ischaemia and the heart rate could be used to assess 
the severity of coronary disease. A direct relation 
between the maximum ST depression in a single 
electrocardiographic lead and the degree of 
ischaemia is more difficult to accept since 1t assumes 
that all areas of the left ventricular myocardium are 
equally “‘accessible” to one of the 13 leads moni- 
tored and that the same amount of ischaemic myo- 
cardium anywhere in the heart will produce the 
same ST depression. 

The arterial supply to the left ventricle is variable 
and equivalent stenoses in two arteries do not neces- 
sarily produce the same amount of ischaemic myo- 
cardium. The most obvious example of this is the 
extreme variability in the size and number of 
branches of the right coronary artery. Coronary cali- 
bre also varies from time to time and it would be 
surprising if there was a given level of critical steno- 
sis (such as 75%). There are important additional 
problems posed by the known inaccuracies of visual 
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interpretation of angiograms. 

Nevertheless, had the findings been reproducible 
the test would have been extremely valuable for 
determining which patients should be referred for 
angiography. Other workers, however, have not 
been able to reproduce the results. Some found no 
correlation at all? * and Okin etal reported a limited 
relation that identified patients with triple vessel 
disease.? 

Kligfield et al recently summarised their own data 
and reviewed the arguments. They concluded that 
the heart rate/ST slope is better than standard elec- 
trocardiographic criteria for both the detection of 
coronary disease and the determination of the pres- 
ence of triple vessel disease. They acknowledged 
that highly selected populations of patients with 
known coronary disease or those with "normal" 
hearts were investigated. They did not provide data 
to demonstrate that the test is able to select prospec- 
tively patients with important coronary disease from 
a suspect population. They criticised other studies 
that did not find a good correlation between the 
slope and the extent of coronary disease,* generally 
because patients in the populations studied included 
a variable number who had had a previous myo- 
cardial infarction. The early reports from Leeds, 
however, did not mention whether or not the 
patients had had previous infarction? and since 
infarction was not a reason for exclusion there was 
presumably the usual admixture of patients. 

On page 512 of this issue of the British Heart 
Journal the Leeds group report a group of patients 
with ischaemic heart disease. In two thirds of them 
the heart rate/ST slope failed to predict the severity 
of the demonstrated coronary artery disease. The 
Leeds-workers suggest that this is because they were 
tested early after acute myocardial infarction. They 
say the underestimates were the result of left ven- 
tricular scarring producing less ischaemic myo- 
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cardium for a given stenosis. The overestimates 
were attributed to increased left ventricular volume, 
as judged by the cardiothoracic ratio, causing “more 
ischaemia" than would otherwise have occurred. 

It may well be that the early response to exercise 
after infarction is modified by myocardial factors. 
These studies were usually performed 10 days to 
three weeks after tbe infarction and used sub- 
maximal testing.” Serial exercise testing after 
infarction has demonstrated that the findings change 
and for instance “‘ischaemic’’ ST depression at three 
weeks has a different prognostic significance than 
that occurring 11 weeks after infarction? The 
patients reported were studied for a mean of >34 
days after the acute myocardial infarction, which 
more closely resemble the “‘late” tests reported by 
others. It seems more likely therefore that these 
observations, which are in line with those of other 
workers, are the result of the expected variability of 
a biological system. 

The controversy therefore remains. It is agreed by 
all, however, that the original high hopes that a non- 
invasive method of determining the exact extent of 
coronary disease had been found have not been real- 
ised. 'The mere fact that reliable investigations have 
been unable to reproduce the results casts consid- 
erable doubt on the value of the technique. Much 
emphasis has been laid on the need to follow the test 
protocol exactly but despite doing this at least one 
group still failed to confirm the findings.* The test 
cannot therefore be recommended at this stage for 
general use because there are doubts about its 
reliability and practical difficulties with both its per- 
formance and analysis. 


Balcon 
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Medical treatment of patients with severe exertional 
and rest angina: double blind comparison of f blocker, 
calcium antagonist, and nitrate 


AAQUYYUMI, T CRAKE, CM WRIGHT, L J MOCKUS, K M FOX 
From the National Heart Hospital, London 


SUMMARY ‘The role of medical treatment of patients who had resting nocturnal angina as well as 
exertional angina was investigated. The effects of atenolol 100 mg a day, nifedipine 20 mg three 
times a day, and isosorbide mononitrate 40 mg twice a day were investigated in a double blind, 
triple dummy randomised study. Nine patients with coronary artery disease, early positive exer- 
cise tests, and transient daytime and nocturnal ambulatory ST segment changes were initially 
assessed off all antianginal medication. They were then treated with each drug for three five day 
periods. Angina diaries were reviewed and maximal treadmill exercise tests and 48 hour ambu- 
latory ST segment monitoring were performed at the end of each treatment period. Resting and 
exercise heart rate and blood pressure were significantly lower on atenolol than on either iso- 
sorbide mononitrate or nifedipine. The duration of exercise to 1 mm ST segment depression was 
significantly greater on atenolol than on isosorbide mononitrate. Only one patient had an im- 
provement in exercise tolerance on nifedipine that was greater than the improvement on atenolol; 
this patient had single vessel disease. The total number and duration of episodes of ST segment 
change during ambulatory monitoring were significantly lower with atenolol than on either 
isosorbide mononitrate or nifedipine. Nocturnal ST segment changes were abolished in six 
patients on atenolol, in six patients on nifedipine, and in five patients on isosorbide mononitrate. 
When nocturnal ST segment changes occurred, their frequency was reduced with all three drugs. 
Pain was abolished in four patients on atenolol and pain relief was significantly better on atenolol 
than on isosorbide mononitrate. There was no significant difference in pain relief between iso- 
sorbide mononitrate and nifedipine. 

Thus f receptor blockade with atenolol was the most effective means of reducing myocardial 
ischaemia both during exercise and at rest at night without causing deterioration in any patient. 
Nocturnal myocardial ischaemia in patients with severe coronary artery disease can be effectively 
treated with f receptor antagonists and vasodilators. 


Angina and myocardial ischaemia can occur on exer- 
tion or at rest ın the same individual at different 


reduction in coronary blood flow caused by factors 
such as coronary spasm? ? and platelet aggregation.* 


times of the day and night. Different patho- 
physiological mechanisms have been used to explain 
ischaemia occurring at rest and on exertion in 
patients with obstructive coronary artery disease. 
Exertional angina is believed to be the result of 
myocardial oxygen demand exceeding supply, but 
angina at rest and at night is considered to be due to 
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Thus 1f treatment 1s to be tailored to symptoms fj 
adrenoceptor antagonists should be recommended 
for ischaemia on exertion, and vasodilators, such as 
nitrates or calcium antagonists, should be used for 
rest angina. Recently, there has been evidence that 
ischaemia at rest and at night tends to occur mainly 
in patients with severe forms of coronary artery dis- 
ease and that heart rate often increases before the 
onset of ischaemia in these patients. In patients with 
normal coronary arteries or minor disease who de- 
velop ischaemia due to localised coronary spasm, 


506 


however, there are no increases in the,indices of 
myocardial oxygen consumption before the onset of 
ischaemia.° It is therefore crucial to determine the 
ideal treatment for patients with coronary artery dis- 
ease who have evidence of exertional and rest angina. 

Several studies with ambulatory ST segment 
monitoring have demonstrated the occurrence of 
painless as well as painful ischaemia during daily 
activities." ? It is therefore important to perform am- 
bulatory ST segment monitoring during assessment 
of antianginal agents as this not only provides infor- 
mation on the frequency of 1ischaemia occurring dur- 
ing normal daily activities, but also demonstrates 
painless episodes of myocardial ischaemia. In this 
study we have used ambulatory S'T segment moni- 
toring to assess the effects of standard antianginal 
treatment with a f adrenoceptor antagonist 
(atenolol), a calcium antagonist (nifedipine), and a 
nitrate (isosorbide mononitrate) in patients with 
frequent exertional daytime and nocturnal resting 
angina pectoris. 


Patients and methods 


PATIENTS 

We studied nine patients, six men and three women, 
mean (SD) age 62 (7) years, with confirmed coronary 
artery disease and a history of both exertional and 
nocturnal angina pectoris and positive exercise tests 
(table 1). Three patients had had a previous myo- 
cardial infarction. One patient (case 2) had single left 
anterior descending coronary stenosis only, whereas 
all others had three vessel disease with or without left 
main stem stenosis. All patients were shown to have 
reversible ambulatory ST segment changes during 
the day and at rest at night while off antianginal 
medication. The patients’ symptoms had been stable 
for at least two months before the study started and 
none had suffered a recent myocardial infarction. 


Quyyum, Crake, Wright, Mockus, Fox. 


STUDY PROTOCOL 

All regular antianginal medication was withdrawn 
for 48 hours in hospital before the study began. Sub- 
lingual nitroglycerin was given for pain. The ST 
segment was monitored in ambulant patients for at 
least 24 hours and up to 48 hours (mean (SD) 35 (12) 
hours) (table 1). Patients who had reversible ST seg- 
ment changes during the daytime and also at night 
(24.00 to 06.00 hours) were recruited into the study 
after giving informed written consent. The study 
was approved by the hospital ethics committee. 

Three drugs, atenolol, nifedipine, and isosorbide 
mononitrate were administered for five days each in 
a double blind, randomised manner according to a 
latin square design with a triple dummy technique. 
Atenolol was given in a daily dose of 100 mg, iso- 
sorbide mononitrate 40 mg twice a day, and nif- 
edipine was given three times at day at a dose of 
10 mg for two days and 20 mg three times a day for 
three days to overcome the problems that occa- 
sionally arise with the higher dose of nifedipine.? 
Throughout the various treatment periods, patients 
used sublingual nitroglycerin tablets to relieve pain. 
Six patients were assessed in hospital throughout the 
study and the other three patients had drug treat- 
ment periods at home. Patients were instructed to be 
mobile in and around the hospital or at home during 
the drug treatment periods. During the initial in 
hospital assessment period when all antianginal 
medication was discontinued, patients were advised 
not to undertake full activity in order to avoid fre- 
quent pain. The purpose of this part of the study was 
to identify patients with ST segment changes at 
night and at rest. 

At the end of each treatment period, patients had 
ambulatory ST segment monitoring for 48 hours and 
kept angina diaries. Routine treadmill exercise tests 
were performed at the end of each five day treatment 
period. 


Table 1 Severity of coronary artery disease and the number and duration of painful and patnfree episodes of ST segment 
change during the day and mght during 24 hour ambulatory ST segment monitoring in patients who were off all 


antianginal medication 

a —— — 
Type of coron. Total Nocturnal Total Number of 

Patent anes ea d episodes episodes duration (mn) painful episodes 

COMMENCER —— A LL 

1 3 7 2 473 2 

2 1 11 3 446 0 

3 3 11 15 316 2 

4 3 13 25 127 65 

5 3 11 3 133 4 

6 3 2 1 55 2 

7 3 12 3 125 4 

8 3 8-5 1 264 1 

9 3 6, 2 150 4 

Mean (SD) 9105 21(08) 228 (160) 27(19) 
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AMBULATORY ST SEGMENT MONITORING 

ST segment monitoring was performed with the 
Oxford Medilog II frequency modulated recorders 
which give good reproduction of low frequency (0:05 
— 40 Hz «3dB down) electrocardiographic signals. 
The bipolar lead CM5 was recorded continuously 
for 24-48 hours, initially with the patient off all med- 
ication and then at the end of each drug treatment 
period. The tapes were analysed at 60 times normal 
. speed on the Oxford Instruments MA 20 analyser 
and the time, duration, and maximum magnitude of 
ST segment depression or elevation during each epi- 
sode were noted. The heart rate at the onset of ST 
segment change was also noted for each episode. 
Significant ST segment depression was defined as a 
shift of 1 mm or greater 1n magnitude 0-08 seconds 
after the J point that persisted for at least 30 seconds. 
Significant ST elevation was defined as a shift of the 
J point of 2 1 mm that persisted for more than half 
a minute. The number, duration, and maximum 
magnitude of episodes were measured. The number 
of nocturnal, painful, and painfree episodes were 
also noted in each treatment period. 


EXERCISE TESTING 

Symptom limited maximal exercise tests were per- 
formed by all patients at the end of each five day 
treatment period according to the modified Bruce 
protocol. Patients had had at least two previous exer- 
cise tests before the study began. Significant ST 
segment depression was defined as a planar or down- 
sloping shift of the ST segment of > 1 mm 0-08 sec- 
onds after the J point. Tests were terminated if ST 
segment depression of 22mm occurred with or 
without pain or if severe chest pain, hypotension, 
arrhythmias, or exhaustion developed. The heart 
rate, systolic blood pressure, and rate-pressure prod- 
uct were measured at rest and at the onset of 1 mm 
ST segment depression during each treatment 
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period and the duration of exercise to 1mm ST 
segment depression was noted. 


STATISTICAL ANALYSIS 

The different drug treatment periods were compared 
by analysis of variance. When the f value was 
significant, a paired ¢ test was used to compare 
treatments. 


Results 
During the initial assessment period all patients had 


reversible episodes of ST segment change—ST 
depression in eight and ST elevation in one—both 


' during the day (mean (SD) 9-1 (3:5) episodes) and at 


rest at night (mean (SD) 2-1(0-8)) during each 24 


. hour period (table 1). Only a mean of 30% of epi- 


sodes were accompanied by pain. One patient (case 
2) could not tolerate isosorbide mononitrate because 
of headaches and nausea and another patient (case 7) 
could not tolerate nifedipine because headaches 
occurred even at a lower dose. In these two patients 
assessment was limited to only two drugs. 


HEART RATE 

'The heart rate throughout the day and night was 
significantly (p « 0:01) lower on atenolol than dur- 
ing the initial assessment period when patients were 
off all antianginal medication or when they were 
treated with nifedipine or isosorbide mononitrate. 
The heart rate on nifedipine and isosorbide mono- 
nitrate, however, was not significantly different 
either during the day or at night from that during the 


' initial assessment period when all antianginal medi- 


cation was discontinued. 


EXERCISE TEST 

Table 2 shows the duration of exercise to 1 mm ST 
segment depression during the different drug treat- 
ment periods. The mean duration of exercise to 


Table 2 Rest and exercise haemodynamic function and duration of exercise to 1 mm ST segment depression during 
different drug treatment periods. Values given are mean (1SD) 


Atenolol Nifedipine 
Rest : 
Heart rate (beats/min) 60 (13) 91(14) 
Systolic blood pressure (mm Hg) 130(28) 142(26) 
Rate-pressure product (x 10°) 8(3) 129(3) 
1 mm ST depression: . 
Heart rate (beats/min) 81 (11) 118 (28) 
Systolic blood pressure (mmHg) 146(31) 158 (28) 
Rate-pressure product 11 9(3) 20 4(7) 
Duration (min) 3-6(0 9) 3-2(2 7) 


p value 
Atenolol Nifedipine 
Atenolol vs 
Isosorbide vs tsosorbide 1sosorbide 
monomtrate nifedipine monomtrate — monomitrate 
86(12 001 0-01 NS 
149 (34 NS NS NS 
12 6 (4) 0 05 001 NS 
109 (17) 001 001 NS 
166(38) 001 001 NS 
18(4 8) 001 001 NS 
230) . NS 001 NS 
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ischaemia was significantly greater with atenolol 
than with isosorbide mononitrate (p « 0-01). When 
individual responses were analysed only one patient 
reached the same level of exercise before ST segment 
depression developed on both atenolol and iso- 
sorbide dinitrate, whereas all other patients achieved 
a greater workload with atenolol (fig 1). The mean 
workload achieved on nifedipine was 11% less in the 
group as a whole than that achieved on atenolol. In 
two patients similar workloads were achieved before 
ischaemia developed with the two drugs and on 
patient (case 2) reached a greater workload on pif- 
edipine than on atenolol (fig 1). In the seven patients 
in whom treatment with both nifedipine ánd iso- 
sorbide mononitrate can be compared there was no 
significant difference in exercise duration between 
these drugs. 

The mean resting heart rate was measured after 
the patient stood for two minutes before the exercise 
test. It was significantly lower on atenolol than on 
nifedipine (52%, p « 0-01) or on isosorbide mono- 
nitrate (43%, p < 0-01) (table 2). There was no 
difference ın resting heart rate between nifedipine 
and isosorbide mononitrate (p > 0-05). There was 
no significant difference between the resting systolic 
and diastolic blood pressure during the different 
treatment periods. The heart rate and double prod- 
uct (heart rate x systolic blood pressure) were both 
significantly lower at the time of onset of 1 mm ST 
segment depression during exercise testing on 
, atenolol than on nifedipine (p < 0:01) or isosorbide 
‘monomtrate (p < 0-01) (table 2). During exercise 
there were no significant differences in these haemo- 
dynamic indices between the nifedipine and the iso- 
sorbide mononitrate treatment periods. 


AMBULATORY ST SEGMENT MONITORING 
Eight patients had episodes of ST segment depres- 


10 Nifedipine vs Atenolol vs Isosorbide vs 
atenolol rsogorbide nsfedipine 

$ 8 NS p< 01 NS 
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Nifedipine Atenolol Isosorbide Nifedipine 


Fig 1 Duration of exercise to 1 mm ST segment depression 
during different treatment periods. Indtvidual patient 
responses and their means (1 SE) are shown. 
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sion only and one patient had episodes of ST seg- 
ment elevation and depression. The total number 
and duration of episodes of ST segment change were 
significantly lower during treatment with atenolol 
than during treatment with nifedipine or isosorbide 
mononitrate (fig 2). Three patients had no episodes 
of ST segment change during treatment with 
atenolol. Comparison of individual responses on 
atenolol and on nifedipine showed that two patients 
had a similar number of episodes during both treat- 
ment periods but that the duration of episodes was 
reduced on atenolol. In all the other patients the 
number of episodes was greatly reduced on atenolol. 
Eight patients had fewer episodes of ST segment 
depression on atenolol than on isosorbide mono- . 
nitrate. In the remaining patient the number of epi- 
sodes of ST segment change on the two drugs was 
similar but their duration was greatly reduced on 
atenolol. Nocturnal ST segment changes recurred in 
only three patients on atenolol, in three patients on 
nifedipine, and in four patients during treatment 
with isosorbide mononitrate. The frequency and 
duration of nocturnal ST segment change were less 


12 Episodes of ST depression 
p E d A vs N, p« 0 01 


Avs L,p«0 01 
8 Nvs I,NS 


paration AvsN,p<0 0 


Avs 1,p<0 05 
200 Nvs I,NS 


Avs N,NS 


Magnitude 
£2 Avs 1, p«0 05 
1 Nys I, NS 
0 


i episodes A vs N,NS 


Avs I, p «0 01 
i A Nys I,NS 


otf Atenolol Nifedipine Isosorbide 
treatment (A) (Nt. (I) 
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Fig 2 Daily frequency of daytime and nocturnal (shaded 
columns) episcdes of ST depression, their duration and 
magmtude, and the frequency of painful episodes during the 
inital off treatment period and during various treatment 
periods. Resulis are expressed as means (1 SE) 
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during each treatment period than during the initial 
assessment period when patients were off all anti- 
anginal medication. 

Pain was much less frequent on atenolol; four 
patients experienced no pain at all during the 48 hour 
monitoring period (fig 2). Two patients became pain 
free on nifedipine and five had less pain on atenolol 
than on nifedipine. 'T'wo patients experienced more 
pain on atenolol than.on nifedipine, although the 
number of painfree episodes of ST segment change 
and their duration were greater on nifedipine. In all 
patients the frequency of pain on atenolol was 
significantly less than that experienced on isosorbide 
mononitrate (6595, p « 0-01). There was no overall 
significant difference in pain frequency between iso- 
sorbide and nifedipine treatment periods (p > 0-05). 


ADVERSE EFFECTS 

None of the patients had more episodes of angina 
during any of the three treatment periods than dur- 
ing the initial assessment period when they were off 
all antianginal medication. One patient was intoler- 
ant of nifedipine and: one of isosorbide mononitrate 
and they were assessed on two drugs only. 


Discussion 


ST segment changes have been shown to be reliable 
indicators of underlying myocardial ischaemia!? !! 
with the magnitude of change signifying either the 
size of myocardium affected or the severity of the 
ischaemia.!! With the recent advent of frequency 
modulated recording systems it 18 possible faithfully 
to record and reproduce ST segment changes occur- 
ring during normal daily activities.!? This technique 
provides an increased insight into the frequency of 
daily ischaemia experienced by a patient with angina. 
It not only detects painless episodes of myocardial 
ischaemia, but also demonstrates the duration and 
magnitude of each episode of ischaemia. Some 
patients develop ischaemia that is entirely 
painfree! !? and it is thus unreliable to depend totally 
on a patient’s history of chest pain as an indicator of 
the frequency of myocardial ischaemia. Further- 
more, the history does not always indicate the sever- 
ity and duration of the ischaemic episode.’ 
Ambulatory ST segment monitoring also allows the 
detection of ischaemia not only on exertion during 
the daytime but also at rest and at night. 

There has been controversy about the patho- 
physiology of ischaemia that occurs at night and at 
rest. Several studies have demonstrated that 
ischaemia occurring at rest is secondary to factors 
which primarily reduce coronary blood flow, such as 
coronary spasm or platelet aggregation. *!* If this 
mechanism is important vasodilators such as nif- 
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edipine or isosorbide mononitrate would be expected 
to improve rest angina and ischaemia. Furthermore, 
B adrenoceptor antagonists theoretically may be con- 
traindicated in these patients because they can 
increase coronary vascular resistance by direct f, 
receptor blockade and unopposed a receptor stimu- 
lation.!5 It is important to establish which form of 
medical treatment is most suitable for the consid- 
erable numbers of patients with severe coronary 
artery disease and frequent rest and exertional 
angina. ' 

We compared the efficacy of three established 
antianginal agents, which are currently widely used 
and have diverse modes of action, in the treatment of 
patients with exertional and nocturnal angina. We 
also assessed whether any agent was likely to cause 
deterioration of myocardial ischaemia experienced 
during normal daily activites or at night. Atenolol is 
a B, selective receptor antagonist with no intrinsic 
sympathomimetic activity.!? It has been shown to be 
an effective antianginal agent in placebo trials and as 
effective as other f receptor antagonists.” At a dose 
of 100 mg daily atenolol has significant negative 
chronotropic effects. In this study it reduced the 
heart rate and rate-pressure product not only at rest 
during the day and night but also on exercise. Thus, 
atenolol must have reduced myocardial oxygen con- 
sumption at rest and on exercise. 

Nifedipine is a calcium channel blocking agent 
with no appreciable negative chronotropic effects.!? 
Calcium antagonists are effective smooth muscle 
relaxants, causing not only peripheral arteriolar 
vasodilation but also coronary arterial dilatation.!? 
Nifedipine is an effective antianginal agent not only 
in patients with exertional angina?? but also in 
patients with variant angina and unstable 
angina.?! 2? Some studies, however, have demon- 
strated a variable response to nifedipine. Although 
patients improved at a lower dose of 30 mg a day they 
became worse at higher doses.? To overcome this we 
started all patients on 10 mg of nifedipine three times 
daily for the first two days and increased the dose to 
20 mg three times daily thereafter. If no deterio- 
ration in symptoms occurred this dose was con- 
tinued. Isosorbide mononitrate is more reliably and 
effectively absorbed from the gastrointestinal tract 
than isosorbide dinitrate.?? Isosorbide mononitrate 
reduces ventricular end diastolic pressure and 
probably also has direct coronary arterial dilating 
action.?+?5 At a dose of 40 mg twice daily it was 
effective in improving the exercise haemodynamics 
and pain frequency in patients with angina pec- 
toris.76 í 

The results of ambulatory ST segment monitoring 
demonstrate that overall the patients improved most 
on atenolol in terms of the number, duration, and 


510 


magnitude of episodes of myocardial ischaemia 
experienced. The effects of nifedipine and isosorbide 
mononitrate were not significantly different. The 
improvement on atenolol was not only striking with 
the daytime exertion related episodes but persisted 
during the episodes at rest at night. None of the 
patients experienced worsening of angina, either 
daytime or nocturnal, on atenolol. 

Nocturnal ischaemia was improved on all three 
drugs; most patients did not experience nocturnal 
pain or ischaemia during any of the treatment 
periods. When it did recur, the frequency and 
duration of nocturnal ischaemia were less than dur- 
ing the initial assessment off all antianginal medica- 
tion. This result indicates, firstly, that atenolol was 
effective not only in exertion related ischaemia but it 
also improved or abolished nocturnal resting angina 
without causing deterioration in any patient studied. 
Secondly, nocturnal resting ischaemia can also be 
treated effectively by the vasodilators nifedipine and 
isosorbide mononitrate which are, however, consid- 
erably less effectrve than atenolol for treating day- 
time exertion related angina. Finally, the mechanism 
of precipitation of nocturnal ischaemia in patients 
with severe coronary artery disease is likely to be 
multifactorial and a reduction of myocardial oxygen 
demand by f receptor antagonists is probably the 
most effective way of preventing ischaemia in this 
group of patients. 

Most patients ın this study had three vessel coro- 
nary artery disease, frequent angina, and greatly 
reduced exercise tolerance. In order to characterise 
the patients adequately, they were taken off all anti- 
anginal medication so that ambulatory monitoring 
could be performed. All patients had exertional 
angina and the purpose of this phase of the study was 
primarily to identify those patients who also had 
demonstrable nocturnal ischaemia. Patients were all 
admitted to hospital for this phase and advised not to 
undertake normal activity. This advice was likely to 
reduce exertion related ischaemia but would not be 
expected to influence resting or nocturnal ischaemia. 
For this reason, we have limited comparisons to the 
three double blinded treatment periods 1n this study 
because all these were performed in similar circum- 
stances. 

The only patient whose exercise response was 
most markedly improved with nifedipine had single 
vessel disease. This may be because this patient 
differed from the others in that an increase in vaso- 
motor tone was an important mechanism in pre- 
cipitating myocardial ischaemia—hence the good 
response to nifedipine and the relatively poor 
response to atenolol, Further investigations in this 
patient seemed to confirm this hypothesis as intra- 
venous ergometrine produced pronounced localised 
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coronary vasoconstriction. 

Atenolol also increased the duration of exercise to 
ischaemia during conventional exercise testing more 
than isosorbide mononitrate did. Also only one 
patient reached a greater workload on nifedipine 
than on atenolol. As expected, the heart rate, blood 
pressure, and the rate-pressure product at rest were 
significantly lower on atenolol than on the two vaso- 
dilators. At the onset of 1 mm ST depression the 
heart rate and double product were lower on atenolol 
and remained significantly lower despite the 
duration of exercise being significantly longer on 
atenolol than on nifedipine or isosorbide mono- 
nitrate. This paradoxical reduction of the double 
product at peak exercise despite an improvement in 
exercise tolerance by B receptor antagonists has been 
reported before.27?? The apparently detrimental 
effects of raising end diastolic filling pressure and 
coronary vascular resistance produced by B blockers 
may explain why the same rate-pressure product is 
not reached before ischaemia develops.?? 3° Because 
all three drugs were beneficial in reducing the 
frequency of nocturnal angina and because their 
mechanisms of action are different, combination 
treatment of such patients may be appropriate.?? 
None the less, the overall effect of atenolol in this 
study was an improvement in exercise tolerance and 
a considerable reduction in myocardial ischaemia 
during the day and night. Thus B receptor blockade, 
far from being contraindicated, is in fact of benefit in 
patients who have severe exertional and nocturnal 
angina caused by severe coronary artery disease. 


We are incebted to the British Heart Foundation for 
their support. 
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Use of the maximal ST/HR slope to estimate 
myocardial ischaemia after recent myocardial 
infarction 


N BISHOP,* GHART,t R M BOYLE,] J BSTOKER,t DR SMITH,* 
DAS G MARY* 


From the * Department of Cardiovascular Studies, University of Leeds, and | Killingbeck Hospital, Leeds 


SUMMARY Fifty two patients were examined 4—6 weeks after myocardial infarction 'to assess 
whether factors other than coronary artery narrowing affect the maximal ST/HR slope which is 
used as an index of myocardial ischaemia. The slope was compared with indices of myocardial 
scarring or cardiac enlargement derived from xray and echocardiographic and angio- 
cardiographic investigations. In 35 (67%) patients the slope failed to predict the severity of 
myocardial ischaemia attributable to coronary artery narrowing: in 14 (2795) patients the slope 
overestimated the findings of coronary angiography and in 21 (40%) patients the slope under- 
estimated the findings of coronary angiography. In the remaining 17 (33%) patients the slope 
accorded with the assessment of myocardial ischaemia by coronary angiography. Under-. 
estimation by the slope was associated with significantly poorer left ventricular function and a 
lower ejection fraction, indicating a greater degree of myocardial scarring. 

To assess whether overestimation was related to cardiac enlargement with better preservation 
of ventricular function a follow up examination was performed six months after infarction. In the 
overestimated group 11 patients were followed up and seven of them showed a reduction in the 
maximal ST/HR slope which correlated with a reduction in the cardiothoracic ratio. This 
suggested that cardiac enlargement had contributed to myocardial ischaemia. 

The results suggest that if the maximal ST/HR slope is an index of exercise induced myocardial 
ischaemia after recent infarction, it is subject to the influences of coronary artery narrowing as 
well as those of scarring and cardiac enlargement. 


Studies in Leeds have shown that the maximal extent of myocardial scarring and muscle tissue loss, 
ST/HR slope is an index of myocardial ischaemia could be argued to affect the ischaemic process.*~® 
when related to coronary artery narrowing in We report a comparison of the maximal ST/HR 
selected populations of patients with angina,'? and slope and the results of angiocardiography in 
that the slope is influenced by cardiac enlargement— patients with recent myocardial infarction as a fur- 
for example in a selected population of patients with ther test of the reliability of the slope as an index of 
aortic valve disease and normal coronary arte- myocardial ischaemia. 
riograms.? ` 

In patients who have had an acute myocardial Patients and methods 
infarction exercise induced myocardial ischaemia 
has been related to coronary artery stenosis, though Consecutive patients were prospectively studied 4—6 
other factors, such as cardiac enlargement or the weeks after myocardial infarction. The diagnosis of 
myocardial infarction was confirmed by the presence 
of at least two of the following criteria (a) typical 
history of chest pain lasting at least 20 minutes; (b) 
characteristic serial electrocardiographic changes, 
Accepted for publication 1 December 1986 that is ST segment elevation, T wave inversion, and 
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the appearance of new Q waves; (c) a rise in serum 
creatine kinase to at least twice the upper limit of 
normal. Patients with complications after 
infarcuon—for example cardiogenic shock, cardiac 
failure, arrhythmias, or conduction disturbances 
occurring 72 hours after infarction; acute hae- 
modynamic complications—for example mitral 
regurgitation, pulmonary embolism; and unstable 
angina were not considered for study. Patients with 
uncontrolled hypertension, concomitant valve or 
chronic cardiac disease, or other medical conditions 
making exercise difficult were excluded from study. 
No patient on digoxin was included in the study. 

A]] patients gave informed consent to the 
investigations and the study was approved by the 
local ethics committee. 

We examined the effects of myocardial scarring 
and cardiac enlargement on myocardial ischaemia 
early after infarction as assessed by the maximal 
ST/HR slope. Wall scarring was assessed by angio- 
graphic patterns of left ventricular wall motion? and 
ejection fractions. To assess the influence of cardiac 
enlargement patients were re-examined six months 
after infarction and individual changes in heart size 
were measured, with the patients acting as their own 
controls. Changes in cardiothoracic ratio were mea- 
sured on standard chest xrays?? and ventricular 
dimensions were obtained by cross sectional echo- 
cardiography.!? A blind comparison was made 
between the maximal ST/HR slope and the results 
of angiocardiography, chest xrays, and echo- 
cardiography. 


EXERCISE TEST 

In each patient the exercise test was performed 
4—6 weeks after a confirmed myocardial infarction. 
The details of the exercise test have been reported 
elsewhere.!! Briefly, the exercise test was performed 
on an electrically braked bicycle ergometer with the 
patient in the upright position. Each test was pre- 
ceded by a short preliminary exercise to determine 
the stepped increases in workload necessary to 
obtain stepped increases in heart rate of approxi- 
mately 10 beats/minute, to enable adequate record- 
ings by electrode replacement if required, and to 
familiarise the patient with the procedure. During 
the test the workload was increased every three 
minutes, with the test being terminated for the fol- 
lowing reasons: anginal pain, ST segment depres- 
sion > 0:3 mV, more than six multifocal ectopic 
impulses per minute or tachycardia, a decrease in 
blood pressure, or exhaustion. 

The electrocardiogram was recorded from 13 
leads—12 conventional leads and a bipolar lead 
(CM5)—with an ink jet Mingograph recorder (Sie- 
mens type 62). The leads were calibrated by setting 
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the amplifier gain so that a 1 mV signal caused a dis- 
placement of 10mm. Records from the 13 electro- 
cardiographic leads were obtained at rest, during the 
last minute of each exercise step, and for at least five 
minutes after the end of exercise. The electro- 
cardiogram was monitored throughout the test and 
recovery period. Systemic blood pressure was mea- 
sured before, during the third munute of each exer- 
cise step, and during the recovery period. 

The ST segment level was measured at a point 
80ms after the end of the QRS complex; a line 
drawn between consecutive PR segments was taken 
as the zero reference. This measurement was made 
with a magnifying glass fitted with a graticule 
marked in Olmm divisions. The heart rate 
(beats/minute) was calculated by measuring the R-R 
interval on the electrocardiogram. 

'The measurements of ST segment level and heart 
rate were made from electrocardiographic records 
obtained during the steady state (heart rate value 
within +5% of the mean) attained during the third 
minute of each exercise step. The values of heart rate 
and ST segment level were taken as the average 
value measured in at least 10 consecutive cardiac 
cycles obtained from records of all 13 electro- 
cardiographic leads. 

'The maximal ST/HR slope was derived by per- 
forming regression analysis on the relation between 
the ST segment level and heart rate in each of the 13 
electrocardiographic leads. In each lead the steepest 
slope of the computed regression lines which 
showed a linear regression was noted. The maximal 
ST/HR slope of all the 13 electrocardiographic leads 
was used as an index of myocardial ischaemia and 
this has units of mm per beat minute per 1000.! !! 


ANGIOCARDIOGRAPHY 

In each patient within one week of the exercise test 
selective coronary arteriography and left ventricu- 
lography were performed and reported on by the 
cardiologists without knowledge of the results of the 
exercise test. 

Significant coronary artery disease was defined as 
luminal narrowing of the diameter of > 75% in any 
of the three major coronary arteries.!? We used the 
same method of scoring angiograms so that we could 
compare the results of our study with previous stud- 
ies ın patients with angina.!! !? Percentage narrow- 
ing was assessed by a visual impression based on 
views of the vessels 1n more than one plane. The 
degree of stenosis of a long lesion was estimated at sts 
narrowest point and in vessels that contained more 
than one lesion the degree of stenosis was that of the 
most severe lesion. Patients were divided into four 
groups: those with no significant coronary artery 
disease and those with single, double, and triple ves- 
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sel disease. Significant narrowing of the left main 
coronary artery was considered to be equivalent to 
significant narrowing of its two major branches and 
hence was labelled double vessel disease. 

Assessment of the left ventricular function from 
ventriculography was made by visual impression. 
The left ventricular angiogram was scored on a scale 
of 0 to 4. The score was intended as an index of the 
degree of scarring and thus took account of the 
mobility and dilatation of the left ventricle!?—a 
score of 0 being equivalent to normal left ventricular 
function and a score of 1 indicating mild impairment 
of left ventricular function with a range up to a score 
of 4 for severe impairment of left ventricular func- 
tion. 

Ejection fractions and end systolic and end 
diastolic areas and volumes were subsequently 
obtained from digitised tracings taken from the end 
systolic and end diastolic frames from the left ven- 
tricular angiogram.!* These volumes were derived 
from single plane left ventricular angiography 1n the 
right anterior oblique view at 30? to the vertical. 

'To compare the ventricular areas and volumes of 
the patients studied we used the diameter of the car- 
diac catheter as a scale and adjusted measurements 
accordingly. Ejection fraction was calculated from: 

End diastolic volume—end systolic volume 
‘End diastolic volume 

Volume measurements from single plane angio- 
graphy may not be precise in patients with myo- 
cardial infarction. In this study these measurements 
were intended as a further index of scarring for 
group comparison. 





ASSESSMENT OF CHANGES IN CARDIAC SIZE 
Cardiothoraac ratio 

All patients had a posteroanterior chest x ray taken 
in the erect position and in deep inspiration within a 
week of the exercise test soon after infarction and on 
the same day as their follow up exercise test. The 
cardiothoracic ratio was obtained in the usual way 
by dividing the transverse diameter of the heart by 
the internal diameter of the chest.® ° 


Echocardiography 

Left ventricular size was assessed by cross sectional 
echocardiography (Ultraimager, Honeywell). From 
the video recording of the echocardiographic exam- 
ination the cross sectional areas of the left ventricle 
at end diastole in both the short axis view at the level 
of the papillary muscles and in the long axis apical 
four chamber view were measured, as was the long 
axis of the left ventricle. 


Statistical analysis 
Student's unpaired t test, correlation, and y? testing 
were used as appropriate. 
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Coronary artery narrowing 


Figl Comparison of tndrvidual maximal ST/HR 
slope values (mm per beat min per 1000) unth 
independent assessment of myocardial ischaerma from 
coronary angiography. The boxed areas indicate the 
equivalent slope values for that degree of coronary 
artery narrowing (0 = no significant stenosis, I = 
single vessel, II = double vessel, and III = triple 
vessel disease) previously found in a selected 
population with angina! 


Results 


CLINICAL DETAILS 

Fifty three consecutive patients prospectively 
underwent exercise testing 24-44 (mean 34-7) days 
after a confirmed myocardial infarction. One of 
these patients was excluded from the study because 
we could not obtain an electrocardiogram that was 
adequate for the derivation of the maximal ST/HR 
slope. Blind comparison of the value of the maximal 
ST/HR slope and the findings of angiocardiography 
was made in 52 patients (six women, 46 men; 
aged 37—64 (52-6) years). 

Twenty eight patients suffered an inferior myo- 
cardial infarction and in the remaining 24 patients 
there was an anterior infarction. Eight patients gave 
a history of previous myocardial infarction. At the 
time of examination the following drugs were being 
taken: f blocker (18 patients), thiazide diuretic (13 
patents), frusemide (2 patients), nitrates (6 
patients), nifedipine (2 patients), and methyldopa (1 
patient). Twenty patients were receiving no drug 
treatment. In most patients followed up at six 
months there had been no change in drug treatment. 
Three patients were on additional vasodilator treat- 
ment (nifedipine or nitrates) which may increase the 
slope.!? 16 
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Fig2 Individual discrepancies between the 
assessment of myocardial ischaemia by the maximal 
ST/HR slope and by coronary angiography (1n terms 
of the number of vessels difference) (mm per beat min 
per 1000) related to left ventricular score. 

For instance if the slope suggested single vessel 
disease and angiography showed double vessel disease, - 
this would grve a difference of — 1. If angiography 
demonstrated single vessel disease and the slope value 
suggested double vessel disease, this would give a 
difference of +1. Where the slope gave intermediate 
values, say between single vessel and double vessel 
disease, this is taken as 1-5 for the purpose of 
comparison wth angiography. 


COMPARISON BETWEEN THE VALUE OF THE 
MAXIMAL ST/HR SLOPE AND. THE 
ANGIOGRAPHIC EXTENT OF CORONARY 
ARTERY NARROWING 

. The maximal ST/HR slope increased as the severity 
of ischaemia worsened (fig 1). Eight patients had 
values of the slope in between the previously 
described discrete categories for no significant dis- 
ease, single, double, and triple vessel disease. There 
was agreement between coronary angiographic 
assessment of the severity of myocardial ischaemia 
and the slope in only 17,(33%) of the 52 patients. In 
the remaining 35 (67%) patients the slope failed to 
predict the severity of myocardial ischaemia; the 
slope either underestimated the angiographic extent 
of significant coronary artery narrowing (21 patients 
(40%)) or it overestimated the angiographic extent 
of coronary artery narrowing (14 patients (27%)). 
No patient with significant narrowing of all three 
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coronary arteries had a maximal ST/HR slope 
equivalent to triple vessel disease. 

Because the underestimation of the extent of 
coronary artery disease could be due to the effect of 
myocardial scarring,$ we examined indices of left 
ventricular function (the left ventricular score and 
ejection fraction). 


LEFT VENTRICULAR FUNCTION 
Left ventricular score 
For patients given a left ventricular score of 4, indi- 
cating severe left ventricular dilatation and severe 
impairment of wall mobility, the value of the slope 
consistently underestimated the extent of coronary 
artery narrowing (fig 2). While for those patients 
judged to have the best preserved left ventricular 
function—that is with a left ventricular score of 
1—the slope consistently overestimated the extent of 
coronary artery narrowing (fig 2). There is a ten- 
dency for a discrepancy between the slope and 
angiography to be more likely if the left ventricular 
score is high; linear regression analysis showed that 
this trend is significant (r = —0:68, p < 0-001) 
(fig 2). 

A higher left ventricular:score is significantly 
associated with larger end systolic and larger end 
diastolic volumes, and a lower ejection fraction 


(fig 3). 


Left ventricular volumes 

Underestimation by the maximal ST/HR slope of 
the severity of coronary artery narrowing is associ- 
ated with larger end systolic and end diastolic vol- 
umes (table). Similar results were obtained when we 
used left ventricular areas derived from single plane 


: angiography. 


Ejection fraction 
Underestimation by the maximal ST/HR slope is 
associated with a lower ejection fraction (fig 4; r — 
0-60, p « 0-001). 

In patients with single vessel disease there is a 
significant tendency between the value of the 
maximal ST/HR slope and the left ventricular score 
(r = —0:63, p < 0-05), lower values of the slope 
being associated with higher scores (fig 5). A trend is 
seen when the value of the slope is related to the 
ejection fraction (r = +0-57, p < 0-05). 


| FOLLOW UP STUDY 

Of the total of 52 patients, 44 were re-examined six 
months after infarction; three had died, one had an 
embolic stroke, one had undergone coronary artery 
surgery, one had required permanent pacing for 
sinuatrial disease, and two patients declined further 
exercise tests. 

All three patients who died had poor left ventricu- 
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Ejection fraction (*/o) 
End systolic volume (ml) 


12 3 4 
Left ventricular score 


Fig3 Left ventricular 
score related to data derived 
from left ventricular 
angiogram: that is end 
systolic and end diastolic 
volumes and ejection 
fraction (mean ( SD)). The 
groups differed from each 
other in terms of ejection 
fraction (p < 0-001) and 
end systolic volume 

(p < 0-01). The end 
diastolic volume of patients 
with a score of 4 was 
significantly larger 

(p < 0 05) than that in the 
other three groups, though 
there was no statistical 
differences between these 
three groups. 
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End diastolic volume (ml) 


9 4 
Left ventricular score 


lar function (left ventricular scores of 3, 4, and 4; 
ejection fractions of 53, 27, and 29% respectively) 
and in all three the slope underestimated the severity 
of coronary artery narrowing. 

'To assess the influence of cardiac enlargement 
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Fig4 Indmidual discrepancy between assessment of 
myocardiai ischaemia by the maximal ST/HR slope (mm per 


beat min per 1000) and by coronary angiography (1n terms 
of the number of vessels difference) in relation to ejection 
fraction. 


early after myocardial infarction we re-examined 
patients at six months and examined individual 
changes in heart size in relation to individual 
changes m the severity of myocardial ischaemia as 
assessed by the maximal ST/HR slope. In the 44 
patients re-examined at six months there was a sta- 
tistically significant reduction ın cardiothoracic ratio 
(p < 0-02) from an initial mean (SD) value of 48-5 
(4-5)95. The reductions in heart size as assessed 
by the cardiothoracic ratio were greater in the 
overestimate group, though this difference from 
the agreement and underestimate groups is not 
statistically significant. 


Ejection fraction and left ventricular volumes (mean (SD) (range) ) for the three groups of patients in whom the 


maximal ST/HR slope showed either overestimation or underestimation or cgreement with the findings of coronary 





Table 
angiography 
Overestimation 
(n = 14) 
Ejecnon fraction (%) 64 8 (12 6) 
(36-89) 
End diastolic volume (ml) 107 4 (28 2) 
2-146) 
End systolic volume (ml) 39-1 (17 0) 
(10-68) 


*Overestimate vs agreement, p < 0 02. 
TOveresumate vs underestimate, p < 0 001. 
ent vs underestimate, p < 001. 
ent or overestimate vs underestimate, p < 0-02 


Agreement Underestimation 
(x = 17) (n = 21) 
54 4 (9 3)* 43 7 (10 5)tt 
(33-67) (22-64) 
107 5 (29) 141 7 (44-4)§ 
(75-165) (78-230) 
49 5 (20 2) 81 7 (34;8)tt 
(33-111) (32-180) 
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Fig5 Indroidual values of the maximal ST/HR slope (mm 
ber beat min per 1000) related to left ventricular score for 
the 25 patients with single vessel disease. The range of the 
slope for single vessel (I) disease as found in selected patients 
toith angina’ 1s shown by the broken lines. 


Eleven of the 14 patients in whom the slope had 
overestimated the extent of coronary artery narrow- 
ing were re-examined at six months. Eight of these 
11 patients showed a reduction in heart size as 
assessed by the cardiothoracic ratio. Seven of these 
eight patients had an associated reduction in the 
maximal ST/HR slope (fig 6). In contrast, such a 
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Fig6  Indridual changes in cardiothoracic ratio and 
maximal ST/HR slope (mm per beat min per'1000) for 
seven patients from the group m which the slope 
overestimated the findings of coronary angiography. The 
ranges of the maximal ST/HR slope equivalent to single 
vessel (I), double vessel (II), or triple vessel disease (III), 
as obtained in selected patients with angina,' are given on the 
right of the figure. 
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correlation between a reduction in cardiothoracic 
ratio and the maximal ST/HR slope over a period of 
six months was found only 1n one of the 18 patients 
from the underestimate group who were re- 
examined (y?, p < 0-01). 

Of the 17 patients examined by echocardiography 
we had adequate images for measurement of left 
ventricular areas at end diastole in eight. The change 
in cardiothoracic ratio for these eight patients cor- 
related with the change 1n the cross sectional end 
diastolic area of the left ventricle obtained from the 
apical four chamber view on cross sectional echo- 
cardiography (r = 0-79, p < 0-02). 


Discussion 


MAXIMAL ST/HR SLOPE AS INDEX OF 
MYOCARDIAL ISCHAEMIA 

The maximal ST/HR slope has been proposed as an 
index of myocardial ischaemia.! In trials of hospital 
patients presenting with angina in Leeds, it was 
shown that the slope was 96:5% successful in 
detecting significant coronary artery stenosis? (as 
defined above). These patients were selected; they 
did not have left ventricular aneurysm, or conditions 
causing cardiac enlargement—for example valvular 
heart disease—and they were not examined within 
six months of myocardial infarction. 

In a subsequent trial, patients with aortic valve 
disease and cardiac enlargement were examined.? In 
the absence of coronary artery narrowing cardiac 
enlargement was associated with values of the max- 
imal ST/HR slope equivalent to coronary heart dis- 
easc.? Left ventricular dilatation and hypertrophy is 
a reported cause of myocardial ischaemia.* 

Attempts to reproduce the accuracy found in 
Leeds have to date been unsuccessful! ? ^ !?; the rea- 
son for this is not known. It may be related to the 
characteristics of the patients studied, use of 


' different techniques, and differences in angiographic 


interpretation. Other studies of the ST segment and 
heart rate relation that used different techniques and 
different angiographic criteria have suggested that 
this 1ndex provides a reliable assessment of the pres- 
ence and severity of coronary disease in patients 
with angina.?°~?? False positive results have been 
reported in patients with aortic regurgitation?? and 
false negative results in patients with previous myo- 
cardial infarction.?? ?? 

This evidence suggests that the ability of the max- 
imal ST/HR slope to detect any one cardiac or coro- 
nary lesion that leads to myocardial ischaemia must 
depend on the characteristics of the selected popu- 
lation being studied. Patients early after myocardial 
infarction could have, in addition to any coronary 
narrowing, cardiac lesions, such as enlargement or 
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scarring, that influence myocardial ischaemia. For 
instance, left ventricular wall scarring and loss of 
myocardium may lmit myocardial ischaemia 
whereas cardiac enlargement with a better preserved 
myocardium may  predispose to myocardial 
ischaemia.* 5 The present trial was planned to 
examine the effects of these factors on the maximal 
ST/HR slope, which is used as an index of myo- 
cardial ischaemia. We used the same techniques in 
assessing the maximal ST/HR slope that were used 
in previous studies! ! !? so that we could compare the 
results of the present trial with those of earlier ones. 


FINDINGS OF THE PRESENT STUDY 

'The present findings suggest that coronary artery 
narrowing, myocardial scarring, and cardiac 
enlargement may affect the maximal ST/HR slope 
after recent myocardial infarction. Myocardial scar- 
ring would be associated with left ventricular 
dilatation, accompanied by an increase in end sys- 
tolic volume, and reduced wall mobility. The left 
ventricular score was used as an index of scarring; 
the finding of an association between high scores and 
larger left ventricular volumes and a lower ejection 
fraction (fig 3) confirms that the score was an ade- 
quate, though crude, index of scarring. Under- 
estimation of the findings of coronary angiography 
by the maximal ST/HR slope was found to be 
significantly associated with the index of myocardial 
scarring; namely, higher left ventricular scores (fig 
2), and also with larger left ventricular volumes and 
a lower ejection fraction (table 1 and fig 4). 

It could be argued that two “opposing” areas of 
myocardial ischaemia could be cancelling out their 
electrocardiographic manifestations, though there is 
no evidence for such an effect from experience with 
the maximal ST/HR slope in patients with angina.‘ 
The ST segment elevation associated with aneurysm 
formation could also be said to mask the presence of 
ischaemia, though aneurysms may be regarded as 
mainly representing scar tissue and would be 
included in the index of scarring used. In the present 
study many of the patients who had a maximal 
ST/HR slope of zero had significant narrowing of 
only the infarct related coronary artery, and this was 
often associated with poor left ventricular function 
and in some with aneurysm formation. 

One of the principal determinants of prognosis in 
patients after myocardial infarction is the extent of 
myocardial damage—a larger infarct being associ- 
ated with a poorer prognosis.?^ Though the number 
of patients in the present study is too small for ade- 
quate statistical analysis, the patients in whom the 
slope underestimated the angiographic extent of 
coronary artery narrowing had the highest 
mortality—all three patients who died came from 
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this group. All these findings suggest that scarring 
may limit myocardial ischaemia as assessed by a 
functional index, the maximal ST/HR slope. 

In this study larger left ventricular volumes were 
associated with indices of a greater degree of myo- 
cardial scarring. The above findings also suggest 
that scarring may limit myocardial ischaemia. In 
patients with well preserved left ventricular 
function—that is less scarring—it may be possible to 
demonstrate the effect of cardiac enlargement on 
myocardial ischaemia. 

The influence of cardiac enlargement was assessed 
by correlating individual changes in heart size in the 
six months after myocardial infarction with changes 
in the maximal ST/HR slope. The cardiothoracic 
ratio is an accepted measure of change in heart size 
in an individual? though it is not accurate for com- 
parisons between patients. In this study correlation 
with echocardiographic measurements showed that 
changes in cardiothoracic ratio reflected alterations 
in left ventricular dimensions. Examination of these 
indices showed that there was evidence that ventric- 
ular size affected the maximal ST/HR slope. 

In the group in which the slope overestimated left 
ventricular damage (that is those with the best pre- 
served left ventricular function) most patients dem- 
onstrated a reduction in cardiothoracic ratio which 
was associated with a reduction in the maximal 
ST/HR slope. The reduction in the slope exceeded 
the 95% talerance limits of obtaining the slope,’ and 
for some patients involved a shift from the range of 
double vessel disease to single vessel disease. 

In this study we obtained values of the slope that 
were intermediate between the categories of single 
and double vessel disease and double and triple ves- 
sel disease. It is our experience that such values are 
often obtained when cardiac enlargement has been 
evident.? 

Even in the face of factors such as scarring and 
cardiac enlargement that influence myocardial 
ischaemia there was still a tendency for the assess- 
ment of myocardial ischaemia by the maximal 
ST/HR slope to agree with assessment by coronary 
angiography (fig 1). Where the slope agreed with the 
angiographic findings coronary artery narrowing 
may not have been the principal influence on myo- 
cardial ischaemia since scarring and cardiac enlarge- 
ment could also have been influencing the results. 


IMPLICATIONS 

The above findings suggest that, in addition to being 
dependent on the severity of coronary artery disease, 
myocardial ischaemia early after myocardial 
infarction may be limited by scarring and may be 
increased by cardiac enlargement. This implies that 
in individual patients exercise induced myocardial 
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ischaemia after recent myocardial infarction is deter- 
mined by at least these three factors; however, the 
relative contribution of each is not known. 

Cardiac enlargement in patients with myocardial 
infarction is also related to the degree of scarring,'? 
and so differs from the enlargement seen with aortic 
valve disease. The present findings suggest that 
scarring may limit .myocardial ischaemia attri- 
butable to coronary artery narrowing, and scarring 
also is likely to limit the influence of cardiac enlarge- 
ment on the ischaemic process. This is evident from 
the group in which the slope underestimated the 
extent of coronary artery narrowing and who also 
had the largest left ventricular volumes (table). Ani- 
mal studies have shown that a relative increase in left 
ventricular volume occurs even with small 
infarctions.’ Where the effect of scarring is not 
great it should be possible to detect, using an index 


of myocardial ischaemia, the contribution of cardiac. 


enlargement to the ischaemic process. This is sup- 
ported by the findings from the patients in whom the 
slope overestimated the severity of coronary artery 
narrowing; this group had the best preserved left 
ventricular function. 

Other possible explanations for the over- 
estimation of coronary artery narrowing by the slope 
that was seen in some patients include drug treat- 
ment, distal coronary artery disease, and hae- 
matological abnormalities. An increase in the max- 
imal ST/HR slope was seen when vasodilating drugs 
were used in patients with stable angina!? !5; how- 
ever, only two of the patients in the overestimate 
group were on such treatment. Ít is possible that 
distal coronary disease may.be contributing to this 
“extra ischaemia"; trials of the use of the maximal 
ST/HR slope in patients with stable angina did not 
assess this aspect.! Abnormalities of platelet mor- 
phology have been reported in patients after acute 
myocardial infarction,?$ though further study is 
required to find out whether these changes con- 
tribute to ischaemia in the weeks after myocardial 
infarction. 

The present findings may help to explain the 
reported discrepancy in the published reports 
regarding the value of exercise electrocardiography 
after infarction in detecting ‘“multivessel dis- 
ease”.?728 Although the index of myocardial 
ischaemia used in such trials is open to criticism,! 
the discrepancy in results may also be due to 
influences other than coronary artery disease on 
myocardial ischaemia. 


CONCLUSION 

This study involving blind comparison of the max- 
imal ST/HR slope with angiocardiography was 
aimed at testing the accuracy of the slope as an index 
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of myocardial ischaemia early after myocardial 
infarction. The slope has been shown to be sensitive 
to the modifying influences of myocardial scarring 
and cardiac enlargement upon myocardial ischaemia 
soon after infarction. Exercise induced ischaemia 
early after myocardial infarction is influenced by 
myocardial scarring, cardiac enlargement, and 
significant narrowing of the coronary artery. 
Because ischaemia early after myocardial infarction 
1s multifactorial, unlike ischaemia in patients with 
stable angina, the slope cannot be expected to detect 
the extent of significant coronary artery narrowing. 


We thank Drs A F Mackintosh and G Williams for 
permission to study their patients. 
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SUMMARY The course of dilated cardiomyopathy in New Zealand was studied in 72 cases that 
were followed up for « 10 years after cardiac catheterisation and coronary angiography. Eighty 
one per cent were male and 86% were white; the remainder were Maori. The mean age of patients 
at the time of investigation was 50:15 years. Most patients were unskilled labourers. The com- 
monest presenting symptom was dyspnoea and the commonest physical sign was cardiomegaly. 
Mean survival time from first hospital presentation was 85 months; half the deaths were sudden. 
Factors predicting a poor survival included cardiomegaly, age, arrhythmias, cigarette smoking, 


and subclinical thiamine deficiency. 


The syndrome of dilated cardiomyopathy in New Zealand appears to be identical with that seen 


in other European populations. 


Dilated cardiomyopathy! causes considerable mor- 
tality and morbidity throughout the world. Despite 
extensive investigations the aetiology and course of 
this condition remain incompletely understood. The 
most likely aetiological factors are a genetic defect or 
some environmental factor causing progressive 
myocardial cell damage. Evidence for a genetic 
defect is slim in the usually sporadic cases of this 
condition, whereas several environmental factors are 
associated with dilated cardiomyopathy.? The most 
convincing evidence for an environmental aetiology 
comes from Keshan cardiomyopathy? *—a form of 
dilated cardiomyopathy endemic to the Keshan 
region of China. This has been causally linked with 
a deficiency of selenium. Sporadic reports from the 
United States also implicate selenium deficiency in 
the aetiology of dilated cardiomyopathy in non- 
Chinese populations.* é Links between the disease 
and other environmental factors are inconsistent. 
"There are few studies of the course of this disease. 
Most of these come from the United States or 
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Europe. No long term studies have been done in 
New Zealand. For several reasons New Zealand is a 
natural experiment for the study of environmental 
influences in this disease. The population is mainly 
of Western European origin and New Zealand has 
the lowest soil content of selenium to which any 
European population 1s exposed. There is easy 
access to modern diagnosis and therapeutic facilities 
and the isolation of the country facilitates detailed 
long term follow up. A study of cardiomyopathy in 
such a setting may add to the understanding of this 
condition. 

We report a 10 year prospective inquiry into the 
demographic, haemodynamic, and prognostic fea- 
tures of dilated cardiomyopathy as seen in New 
Zealand. 


Patients and methods 


PATIENTS 

A prospective study of the course of dilated cardio- 
myopathy in New Zealand was started in 1974. All 
patients referred to one of us (HI) with cardiac fail- 
ure of unknown aetiology were investigated by car- 
diac catheterisation and coronary angiography. 
Those in whom left ventricular ejection fraction was 
<50% and who did not have significant coronary 
artery disease (defined as 75% or greater cross sec- 
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tional reduction of one or more major coronary ves- 
sels) were further investigated with a comprehensive 
protocol designed to establish aetiology of heart fail- 
ure. Patients were excluded from the study if the 
investigations showed the presence of any agent 
known to cause cardiac muscle dysfunction—for 
example diabetes, hypertension, or collagen disor- 
ders. Those with rising titres of viral antibody were 
considered to have myocarditis and were also 
excluded. Patients exposed to certain factors sus- 
pected of being aetiological agents in dilated cardio- 
myopathy, such as excess consumption of alcohol 
and selenium deficiency, were included. 


METHODS 

Haemodynamic studies 

Cardiac catheterisation was performed by the per- 
cutaneous technique through the femoral artery and 
vein. Right catheterisation was performed by means 
of a Swan-Ganz thermal dilution catheter which 
permitted measurement of pressure and cardiac out- 
put. 

'The left ventricle was catheterised with a pigtail 
catheter by the retrograde femoral approach. 
Cinefilms of left ventriculography were obtained in 
the 30? right anterior oblique projection after injec- 
tion of 45 ml of Renografin. The ejection fraction 
was measured by means of digital callipers." 

Selective cineangiography of the coronary arteries 
was performed by the Judkins’ technique; images 
were obtained in at least five planes for the left coro- 
nary artery and two for the right. 


Left ventricular endomyocardial biopsy 
Endomyocardial biopsy of the left ventricle was car- 
ried out by the long sheath technique.? A specially 
designed 8:5 French Teflon catheter with a hae- 
mostatic valve and side arm (Ikram sheath, Cook 
Inc, Australia) was inserted into the femoral artery 
over an 8 French pigtail catheter and advanced into 
the left ventricle. Multiple biopsy specimens were 
taken by means of a King’s bioptome and fixed in 
glutaraldehyde for electron microscopy and for- 
maldehyde for light microscopy. Morphometric 
analysis of the biopsy specimens was carried out as 
described elsewhere.? 


Biochemical analyses 

Concentrations of blood selenium were measured by 
the method of Watkinson.!? Plasma transketolase 
concentrations were measured by the method of 
Warnock.!! 


Epidemiological methods 
(a) Social class was defined according to 
occupational status; (b) alcohol excess was estab- 
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lished by clinical assessment and by response to the 
Canterbury alcoholism screening test!?; (c) cigarette 
smoking was measured as pack years—that is the 
number of packets of 20 cigarettes smoked per day 
multiplied by the number of years the subject had 
smoked; (d) survival was calculated from the first 
hospital admission for cardiac disease (follow up 
details were obtained by outpatient evaluation in 
surviving patients and from relatives, family doc- 
tors, and the Registry of Births and Deaths for those 
who had died); (e) sudden death was defined as death 
occurring within 24 hours without previous symp- 
toms. 


Statistical methods 

Standard descriptive statistical variables such as the 
means, standard deviations, and standard errors 
were calculated by standard formulas and à BMDP 
program.!? The influence of selected clinical, hae- 
modynamic, and biochemical variables on survival 
was examined by the life table method with program 
PII of the BMDP statistical package. The gener- 
alised Wilcoxon!^ and the generalised Savage!? tests 
were used to evaluate the significance of a particular 
variable on survival. The Wilcoxon test is more sen- 
sitive to short term effects, whereas the Savage test is 
more suitable for long term trends. 


Results 


Only four patients were lost to follow up. They were 
counted as being alive up to their last follow up visit. 


DEMOGRAPHIC FEATURES 

Incidence 

Since 1975 there have been 72 cases of dilated car- 
diomyopazhy in a population of 350 000. This gives 
an annual incidence of 2-0/100 100 population. This 
is almost certainly an underestimate because some 
cases will have been referred to other physicians. 
'The case 1ncidence remained fairly constant at six 
per annum except for 1977 when there was a three- 
fold increase. 


Age, sex, and race 

'The ages at time of catheterisation ranged from 22 to 
74 years with a mean (SD) of 50-15 (10-64) years. 
Eighty one per cent of the patients were men and 
86% were white; the remainder were Maori. The 
number of Maoris was disproportionally high 
because only 2% of the total referral population 
were Maoris. 


Social and educational status 
'The majority of the study population were unskilled 
labourers but there were very few unemployed 
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people (table 1). Executive, managerial, and profes- 
sional classes were conspicuously absent and only 
one person had.a university degree. 


CLINICAL FEATURES 

Presenting symptoms 

The commonest presenting symptom at the first car- 
diac admission was dyspnoea. Table 2 shows the 
other major symptoms. 


Physical examination 

The commonest physical finding was cardiomegaly. 
Table 2 lists the frequency of other. physical 
findings. 


Electrocardwgraphic findings ^. 

Only 7% of patients presented with an entirely nor- 
mal electrocardiogram. The most frequent findings 
were non-specific repolarisation changes. 


Radiological findings 

The cardiothoracic ratio was increased in -all the 
patients at the time of catheterisation. The degree of 
cardiomegaly was the strongest predictor of both 
long and short term prognosis. 


HAEMODYNAMIC DATA: 

Of the many haemodynamic -variables that were 
assessed only the pulmonary arterial pressure cor- 
related significantly with prognosis. The left ven- 
tricular ejection fraction was one notable index that 
did not predict survival. 


MODE OF DEATH ., 

Half of the patients died suddenly. In 67% death 
occurred out of hospital: Of those not dying sud- 
denly, 67% died of progressive cardiac failure and 
two died of massive pulmonary emboli. Non-cardiac 
deaths were due to accident in two and suicide in 
one. The cause of death could not be established in 
six cases. 


Tablel Social and-educational data on 72 patents with 
catheter diagnósed idiopathic dilated cardiomyopathy m 
Net Zealand 





Social and educational status 


gj 
E 


White collar 

Blue collar 
Unskilled labourer 
Housewife 
Student 

Alcohol related 
Reured * 


Unemployed 
Chronic sickness benefit 





Cumulative */. surviving 
> 
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Table 2 Symptoms and signs at presentation of 72 patients 
with idiopathic dilated cardiomyopathy 








Total (%) 
Symptoms 
yspnoca 61 (85) 
Chest pain 26 (36) 
Palpitation 34 (47) 
Fainting 6 (8) 
Embolic 4 (6) 
Signs: 
Clinical cardiomegaly 46 (64) 
Ascites 36 (50) 
Raised jugular venous pressure 37 (51) 
Oedcma 23 (32) 
Third heart sound 23 (32) 
Hepatomegaly 17 (24) 
Rales 17 (24) 





SURVIVAL DATA 

Figure 1 shows our results and the results of two 
studies from the United States! !7 and one from 
Germany!? that had similar inclusion criteria. The 
mean survival time for our series was 85 months. 
This is similar to that in two other studies.!5 !5 The 
study of Fuster et al has a slope identical with that in 
the other two studies but a different intercept, 
suggesting that the patients had more advanced 
disease but that their attrition rate was similar 
to ours.!? Table 3 lists the factors influencing sur- 
vival. . 


Discussion 


Though the term idiopathic dilated cardiomyopathy 
is a convenient description for a syndrome resulting 
from cardiac muscle dysfunction it does not describe 
a homogenous entity. Even this broad definition is a 
misnomer because the same cardiac dysfunction can 
occur in the absence of dilatation!? or be confined to 
one ventricle." With growth of knowledge and 
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Figl Cumulative survival from first cardiac admission m 
the present series of dilated cardiomyopathy and in three 
others with similar entry criteria. 
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Table3 Statistical sigmficance of adverse prognostic 
factors in dilated cardiomyopathy 





Factor Wilcoxon Savage 
Cardiothoracic ratio p < 00075 p < 0-009 
Sinus tachycardia p < 00320 p < 00134 
Increasing age p < 0:0457 p < 00224 
Rhythm other than sinus p < 0 0433 p < 00675 
Increasıng pulmonary artery 

systolic pressure p < 00795 p < 00250 
Increasing cigarette 

consumption p < 01103 p < 00541 
Abnormal transketolase 

concentration p < 01620 p < 00505 


techniques, specific aetiological agents will be 
identified and reclassified as distinct disorders. 

Our study shows that the incidence of dilated car- 
diomyopathy in New Zealand 1s similar to that in 
other developed countries.?! The various risk fac- 
tors resemble those noted in other countries. The 
preponderance of men! !? ?? and those in the lower 
socioeconomic classes???^ has been reported by 
others. Of other factors thought to be of aetiological 
importance, alcohol is the most commonly reported. 
Some authorities consider that alcoholic cardio- 
myopathy is a specific entity which should not be 
classified as idiopathic dilated cardiomyopathy. 
Alexander reported a series of 100 patients with car- 
diomyopathy, 83 of whom were judged to be alco- 
holics.?* His definition of excess alcohol con- 
sumption was at least four pints of beer or two 
measures of whisky a day. By these criteria 28% of 
his non-cardiomyopathic hospital admissions were 
alcoholics. Brigden and Robinson, on the other 
hand, defined alcoholism as a daily intake of 15 pints 
of beer or a 750 ml bottle of spirits.?9 This variation 
illustrates some of the problems in attempting to 
define the role of alcohol in this disorder. Further- 
more, unexceptional quantities of alcohol may be 
associated with cardiomyopathy in some individuals 
but not in others. Virtually all workers are agreed 
that it is exceptional to have evidence of other alco- 
hol related disease in these patients. Diagnosis is 
complicated by the great difficulty in obtaining a 
reliable estimate of alcohol intake in alcoholics or 
even establishing whether the patient is drinking or 
not. Alcohol abuse also rarely occurs in isolation—it 
is often associated with cigarette smoking and faulty 
nutrition. Some series have reported improved sur- 
vival in patients who became abstinent?’; however, 
others have not.?? In our series about 50% of the 
patients were believed to be alcoholic, which is a 
lower percentage than some studies.?5?" The sur- 
vival curves for alcoholics and non-alcoholics were 
identical, however (fig 2). This casts doubt on the 
primary aetiological role of alcohol. 

The increased frequency of dilated cardio- 
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myopathy in low socioeconomic classes, poorer 
countries, and in alcoholics has led to the suggestion 
that it may be related to faulty nutrition rather than 
a direct effect of alcohol. The nutritional factor most 
investigated has been thiamine. Cardiac beriberi is a 
distinct clinical entity and not readily confused with 
dilated cardiomyopathy. It was present in 20% of 
Alexander's cases?? and in 9-5% of our entire car- 
diomyopathic series. In the present study, however, 
we noted that a mildly abnormal transketolase test, 
which is not diagnostic of beriberi, was not rare and 
that it significantly predicted survival. Since this test 
indicates thiamine deficiency it suggests that sub- 
clinical deficiency of thiamine is frequent and does 
influence survival and may be aetiologically 
important. The validity of this observation can only 
be proved by a controlled trial of thiamine adminis- 
tration, but the present data are highly suggestive of 
such a relation. 

Recent studies on animal models???? and 
patients?! suggest that smoking may have an 
aetiological role in dilated cardiomyopathy even in 
the absence of coronary vascular disease. About 
35% of our series of patients were cigarette smokers; 
this is no more than in the general population. In the 
absence of a control group we cannot assess the 
aetiological importance of cigarette smoking. The 
survival data do show a worse prognosis with 
increasing cigarette smoking. The reasons for this 
remain speculative but they may relate to the 
increased risk of sudden death in smokers.?? Since 
half our patients died suddenly, smoking may be an 
important prognostic factor. 

Selenium deficiency was first described as a cause 
of myopathy (including cardiomyopathy) in New 
Zealand lambs.?? ?* Our referral population comes 
from an area which has one of the lowest soil sele- 
nium contents in the country. The human equiv- 
alent of this animal cardiomyopathy is Keshan dis- 
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ease, a dilated cardiomyopathy endemic to the 
Keshan region of China where the soil is very 
deficient 1n selenium. If selenium deficiency is an 
aetiological factor in dilated cardiomyopathy in New 
Zealand an incidence of epidemic proportions would 
be expected; this is not the case. In Keshan, how- 
ever, the mean concentration of blood selenium 
in affected individuals was 20yg/ml whereas 
unaffected residents had a mean concentration of 
about 40 ug/ml. (J Watkinson, 1985, personal com- 
munication.) T'he mean concentration in our cardio- 
myopathy patients was 57 8 ug/ml, which although 
it is lower than the concentration in healthy blood 
donors from our area (42 to 190 ug/ml) and the 
United States (100 to 340 ug/ml), is not as low as in 
Keshan patients. The reason for the lack of selenium 
related cardiomyopathy in New Zealand may simply 
be that the concentrations of the trace metal are not 
low enough to cause the disease 1n man, who may be 
less susceptible than animals. Alternatively, sele- 
nium deficiency may be only one of the factors 
responsible. Not all Chinese experts agree that sele- 
nium deficiency is the most important factor in the 
aetiology of Keshan cardiomyopathy.?? Without a 
controlled trial of selenium supplements we cannot 
be certain about the aetiological importance of sele- 
nium deficiency; however, we found that once the 
condition is clinically obvious the concentration of 
blood selenium had no bearing on prognosis. 

Our data indicate that the prevalence of various 
proposed aetiological agents of idiopathic dilated 
cardiomyopathy is the same in New Zealand as else- 
where. This suggests that the cause or causes of this 
condition lie in common factors that are universally 
present. 

The course of dilated cardiomyopathy in Austra- 
lasia is largely unknown. This study suggests that 
the prognosis is relatively good. The mean survival 
of 85 months is significantly better than the study 
reported from the Mayo Clinic in which 75% of 
patients died within the first two years.!? It is also 
better than the survival of patients with coronary 
artery disease and a history of heart failure; these 
patients had a mean survival of four years irre- 
spective of their New York Heart Association func- 
tional class.? Franciosa et al also reported a better 
prognosis in dilated cardiomyopathy than in coro- 
nary disease.?? Reports from many countries report 
a long survival in patients with dilated cardio- 
myopathy. Kuhn from West Germany,!? Segal et al 
from the United States! and Hatle from Norway,?? 
who all date their survival from the first definite car- 
diac symptoms, report a survival experience similar 
to ours. Even the series from the Mayo Clinic!” in 
which a very poor survival rate was reported shows 
an identical slope to our study and the other 
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studies—only the intercept is different. This sug- 
gests that the attrition rate in all these series is the 
same; the different intercept indicates that the series 
with shorter survival had included patients with 
more advanced disease. A similar difference in prog- 
nosis between major teaching hospitals and district 
hospitals has been reported for hypertrophic cardio- 
myopathy.?? 

Survival was unrelated to sex or to race. 
Increasing age was associated with a poorer progno- 
sis. This observation was also made by others!" ?? 
but denied by some.*° Cardiac size on the chest 
radiograph emerged as the best predictor of progno- 
sis in this series as in several others.!9 !? The adverse 
prognostic significance of atrial fibrillation! was 
also confirmed. The predictive value of haemo- 
dynamic measurements was disappointing, particu- 
larly that of the left ventricular ejection fraction. 
'This is a much debated point; some find it of great 
value*? while others do not.?? The same is true of 
myocardial histology. Like others we did not find 
that the results of myocardial biopsy added further 
prognostic information;?? but there are reports that 
histological changes are independent predictors of 
survival.!3 +! 

'These patients die either of progressive cardiac 
failure or of sudden unexpected death presumably 
caused by an arrhythmia. There is disagreement 
about the proportions of deaths caused by these two 
mechanisms. Our findings were similar to those of 
Johnson and Palacios who reported a 45% fre- 
quency of sudden death in their series.?? Segal et al 
reported a 29% frequency of sudden death,!$ but 
they also reported that an additional 1094 of their 
deaths were caused by arrhythmias. Sudden death is 
undoubtedly common in these patients. 

The course of the disease followed three patterns. 
The first was inexorable decline with death in one to 
two years. The second was deterioration followed by 
stabilisation and even temporary improvement in 
some, followed by further decline, the whole course 
being long drawn out (7 15 years). We have, how- 
ever, never seen complete recovery ın a patient with 
established cardiomyopathy. The third pattern of 
natural progress is a variable, often slow, decline 
ending in sudden unexpected death. This latter 
course, which often occurs in patients with hae- 
modynamically mild disease, may prevent a close 
relation between haemodynamic variables and prog- 
nosis. 

It is difficult to judge the influence of treatment on 
survival in an uncontrolled study such as this. The 
only class of drugs that may improve prognosis in 
heart failure are the angiotensin converting enzyme 
inhibitors?? and even for these the evidence is slim. 
We compared the survival in our patients before 
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1980, when these drugs first became available to us, 
with survival after this time. We were unable to 
show any significant differences; however, the num- 
bers were small. 

This study shows that the clinical syndrome of 
dilated cardiomyopathy has virtually the same inci- 
dence, aetiology, and course ın New Zealand resi- 
dents as in other European populations. It suggests 
that some commonly encountered factor or factors 
are responsible for this disorder. 
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Doppler echocardiographic evaluation of the normal 
human fetal heart 


LINDSEY D ALLAN, SUNDER K CHITA, WIDAD AL-GHAZALI, 
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From the Departments of Perinatal and Paediatric Cardtology, Guy's Hospital, London 


SUMMARY Pulsed wave Doppler estimates of blood flow velocity were made across the mitral, 
tricuspid, aortic, and pulmonary valves in a series of 120 normal fetuses (gestational age 
16-36 weeks). In 36 of these the data were obtained in all four sites. The maximum and mean 
velocities were calculated for each valve and these values were plotted against gestational age. 
There was little change in these values throughout pregnancy. The orifice dimensions of the 
valves were measured by cross sectional echocardiography. At all ages the tricuspid orifice was 
larger than the mitral and the pulmonary orifice was larger than the aortic. The blood flow values 
for each valve were derived from the product of the mean velocity and the valve orifice dimen- 
sions. The output of the right ventricle was usually, but not always, greater than that of the left 
ventricle. Combined ventricular output increased from approximately 50 ml/min at 18 weeks to 
1200 ml/min at term. 

Despite limitations in the accuracy of the technique these results form a useful basis for the 
analysis of blood flow in the normal fetus and for the interpretation of abnormal Doppler findings 


in prenatal life. 


The anatomy of the fetal heart can be readily exam- 
ined by echocardiography from as early as 16 weeks’ 
gestation.! Both normal and abnormal structure can 
be identified.? ? Blood flow velocity can now be esti- 
mated by Doppler examination in conjunction with 
cross sectional imaging. The volume of blood flow 
across each cardiac valve can be derived from the 
Doppler study.*? Previous work on fetal haemo- 
dynamic function has centred mainly on the lamb; in 
this study we report the Doppler evaluation of blood 
flow in a series of normal human fetuses. 


Patients and methods 


Patients were selected at random from pregnant 
women attending for fetal echocardiography because 
of a family history of congenital heart disease or 
attending the antenatal clinic. An initial fetal echo- 
cardiogram was performed to ensure that the fetal 
heart was structurally normal. Patients with any 
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abnormality of pregnancy were excluded from the 
study. All pregnancies were dated by early esti- 
mation of the biparietal diameter or the femoral 
length or both. 

A Hewlett Packard 77020A phased array sector 
scanner was used with a 5 MHz transducer. Occa- 
sionally, in late pregnancy adequate imaging could 
only be obtained with a 3 MHz transducer. In order 
to minimise errors in measurement only subjects in 
whom good quality images were achieved were 
included in the study. The total ultrasound exam- 
ination time was limited to 30 minutes per patient. 
Within this time constraint it was not possible to 
obtain Doppler velocity traces of optimal quality at 
all four sites in every patient. Poor quality traces 
were excluded from analysis. Thus the patients were 
not consecutive. 

Doppler velocity measurements were obtained by 
placing the sample volume just distal to the atrio- 
ventricular valve leaflets in the left or right ventricles 
and distal to the arterial valve in the aorta or the 
pulmonary artery. Only an angle of <20° between 
the direction of flow and the direction of the 
Doppler beam was regarded as acceptable. With our 
equipment the angle is indicated manually by the 
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operator and is automatically corrected in the veloc- 
ity display. The orifice was measured with callipers 
on the frozen frame image of the valve under exam- 
ination. The mitral and tricuspid orifices were mea- 
sured in diastole in the apical four chamber view. 
The internal diameter of the aorta and the pul- 
monary artery were measured, also in diastole, at the 
tip of the closed arterial valve. For these mea- 
surements the origin of the great artery was viewed 
in the long axis, the ultrasound beam being directed 
perpendicularly to the walls of the artery whenever 
possible. All valve orifices were assumed to be circu- 
lar for the calculation of their cross sectional area. 
'The maximum velocity through each valve was 
estimated from the paper recording of the velocity 
trace. Traces with variations in velocity caused by 
fetal breathing or other fetal movement were not 
used for analysis. In acceptable traces the mean tem- 
poral velocity was calculated by planimetry of the 
area under the spectral velocity record throughout 
the cardiac cycle; this was then divided by the time 
over which the flow was traced. Flow velocities were 
traced along the zero line during diastole for the 
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Figl Cross sectional and Doppler examination of the feta 
heart (22 weeks’ gestation). (a) Four chamber view showin: 
position of Doppler sample volume in the cavity of the lef 
ventricle just beyond the mitral valve. RV, right ventricli 
LA, left atrium; S, septum. (b) The velocity of blood flor 
through the mitral valve ( MV j. The maximum velocity of 
the atrial wave was approximately 40 cm/s in this fetu 
weeks’ gestation). There is some reverse flow in the left 
ventricular outflow tract ( LVOT ) below the zero line 

The velocity of blood flow through the tricuspid valve. Th 
atrial wave reached a maximum velocity of 60 cm 
fetus ( 22 weeks' gestation 
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arterial valves and during systole for the atrio 
ventricular valves. Figure la shows a four chamber 
view suitable for atrioventricular valve inter 
rogation. The Doppler sample volume was posi 
tioned just beyond the mitral valve orifice, and fig 1b 
shows a representative trace achieved in this posi 
tion. In early pregnancy the sample overlapped the 
outflow tract of the left ventricle, hence reverse flow 
was seen during diastole in this tracing. This was of 
no importance because it was not included in th: 
flow calculation. This effect was minimised by plac 
ing the sample volume as close as possible to the wall 
of the left ventricle. Figure lc shows a tracing of 
tricuspid valve flow velocity. This shows the double 
peaked velocity trace through both atrioventricular 
valves. The first peak is the passive filling phase and 
the second is associated with atrial systole 

Figure 2 shows the sample volume suitably posi 
tioned in the pulmonary artery (a) with the resulting 
velocity trace (b). Figure 3a shows the position of 
the sample volume in the aorta and fig 3b the velo 
ity recorded in this site. The arterial trace showed 
one velocity peak with a similar acceleration. and 
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time to peak velocity in both the aorta and the 
pulmonary artery. 

For measurements in all sites the mean of three 
consecutive cardiac cycles was used for the flow 
calculation. Volume flow was calculated for each 
valve from the formula: 


valve area 


Results are expressed as mean (2SD). Linear 
correlation was performed to compare mitral with 
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aortic flow and tricuspid with pulmonary flow. Sim- 
ilar methods were used to relate velocity to ges- 
tational age. We used multiple regression to examine 
various models expressing the relation between the 
diameter or flow and the gestational age with or 
without variation between the mitral and tricuspid 
valves. The simplest equations which fitted ade- 
quately are given. This was repeated for the aortic 
and pulmonary valves. The null hypothesis was 
retained when p > 0:05. 
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Cross sectional view showing position of the Doppler sample volume in the pulmonary artery. The angle of 
6) Pulmonary artery velocity tracing at 24 weeks’ gestation. The 


maximum velocity 1s approximately 65 cm/s in this recording. DUCT, ducius arteriosus; AO, aorta; lpa, left 


pulmonary artery; mpa, main pulmonary artery. 





Cross sectional apical view 
Imaging from the left ventricular apex gives a good angle of insonation. lv, left ventricle; la, left atrium; AoV, 
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The maximum velocity of aortic blood reached SS cm!s in this fetus 
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showing position of the Doppler sample volume in the ascending aorta 


(22 weeks’ gestation 
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Results 


Adequate images and Doppler traces were obtained 
in all four sites in 36 fetuses. In the remaining 84 
data were obtained from only two or three sites. 
The maximum velocity of flow through the atrio- 
ventricular valves did not change throughout preg- 
nancy. It remained at a mean of 51-65(19-4) cm/s 
through the tricuspid valve and at a mean of 
48-49 (20-8) cm/s through the mitral valve. The 
mean velocity of flow through the tricuspid valve 
was 13:5 (6) cm/s while that through the mitral was 
12:5 (5:2) cm/s. Like the maximum velocity, the 
mean velocity did not change significantly during 
pregnancy. The differences between the tricuspid 
and mitral valve values for maximum and mean 
velocities were not statistically significant. The 
atrioventricular and arterial valve diameters 
increased as the heart grew; fig4 shows the mean 
values for their dimensions. There was a linear 





o TV 
ro P 
z 
^ 9 MV 
> + 
0-9 E 
yf 
ah e 
9:8 / @PA 
2 7 
7 
0-7 
E 
v 06 
g 
$ 
$ os 
3 
> 
3 
£0. 
É 
S 
a 
03 
0-2 
01 
0 16 18 20 22 24 26 28 30 32 34 36 


Gestational age (weeks) 


Fig4 The diameters of all four valves increased throughout 
pregnancy. At all times the tricuspid ( TV ) was slightly 
larger than the mitral ( MV ) orifice and the pulmonary 
(PA) orifice was larger than the aortic ( Ao) orifice. MV = 
—0-146 + 0-0300 gestational age; TV = —0-146 + 
0:0324 gestational age; Ao = —0:138 + 0-0224 gestational 
age; PA = —0-138 + 0-0257 gestational age. 


831 
relation between all four valves and gestational age. 
'The relevant lines for the atrioventricular values 
shown in fig4 have a constant intercept but 
significantly different slopes (p « 0-001). The fit was 
not significantly better if the intercepts were varied. 
The same is true of the arterial valves, the pul- 
monary artery being significantly larger than the 
aorta (p « 0-001). 

The maximum velocity in both great arteries 
ranged from 30cm/s at 16 weeks’ gestation to 
100 cm/s at term. The mean velocity of aortic flow 
was a mean of 18(8-6) cm/s and that in the pul- 
monary artery was 17:2(8) cm/s. Mean velocity in 
the great arteries appeared to increase as pregnancy 
advanced but this increase was not statistically 
significant, nor was the difference between the mean 
velocity in the two great arteries. 

Figure 5 shows the calculated volume flows 
(ml/min) for each atrioventricular valve and for the 
arterial valves. The increase in volume flow with 
increasing gestational age is accounted for by the 
increase in the size of the valve orifices. The 
relations between mitral and tricuspid valve flows 
and gestational age were linear after log trans- 
formation, and lines of constant slope but 
significantly different intercepts (p < 0-001) were 
fitted. The fit was not significantly better if different 
slopes were fitted to results from the two valves. 
Figure 5 shows the relation between flow and ges- 
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Gestational age (weeks) 
Fig5 Valve flow increased throughout pregnancy. Between 
32 and 34 weeks’ gestation the combined ventricular output 
totalled approximately 1 limin. TV flaw = 003585 
(gestation)? 5; MV flow = 0:02787 (gestation)? 75; Ao 
flow = 0-003139 (gestation; ??*; PA flow = 0-004201 
(gestation)? ?*, See legend to fig 4 for abbreviations. 
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tational age for both these valves on transforming 
back. A similar transformation was required for the 
aortic and pulmonary valve flows and the best fit was 
achieved with two lines of constant slope but 
significantly different intercepts (p < 0:001). Again 
fig 5 shows the relationships on transforming back. 

To test the validity of the flow calculations, linear 
correlations between the mitral and the aortic and 
the tricuspid and the pulmonary flows were calcu- 
lated for the 36 fetuses with measurements in all four 
sites (figs 6 and 7). The data from these 36 fetuses 
gives information on the relative outputs of the right 
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Fig6 Comparison of estimated aortic í Ao} and mitral 
valve t MV j blood flows in the same 36 fetuses. The derived 


regression equation is aortic flow = —10-2 + 0-82 x mitral 
flow, with r = 0-874. 
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Fig7 Comparison of pulmonary (PA) and tricuspid valve 
(TV) blood flows in the same 36 fetuses. The regression 
equation is pulmonary flow = 21-27 + 0-68 x tricuspid 
flow, with r = 0-82. 


Allan, Chita, Al-Ghazali, Crawford, Tynan 
and left ventricles. When this was estimated from 
the atrioventricular valve flow the right ventricular 
output exceeded that of the left ventricle according 
to the regression equation: 

tricuspid flow = 12:56 + 1:32 x mitral flow; 


the ratio of tricuspid to mitral flow ranged from 0:8 
to 2:2 (mean 1:3). Similarly, pulmonary artery flow 
exceeded aortic flow. The regression equation was: 
pulmonary artery flow = 49-25 + 1-05 x aortic flow; 


the ratio of pulmonary artery to aortic flow ranged 
from 0:8 to 2-5 (mean 1:4). 


Discussion 


The good correlation between atrioventricular valve 
flow and flow in the corresponding great artery 
corroborates the validity of Doppler derived volume 
flow estimates in the human fetus. This is important 
since, of necessity, the experimental study of the 
fetal circulation has hitherto been confined to ani- 
mals. Although the same principles of cardio- 
vascular physiology apply to man and the lamb it is 
unwise to extrapolate directly from one species to 
another. The techniques described in this report 
allow us to gain direct and detailed insights into the 
cardiovascular performance of the normal intact 
human fetus. 

'The measurement of maximum velocity is accu- 
rate and reproducible and knowledge of the normal 
values in the fetus is important when such mea- 
surements are made in the presence of structural 
cardiac abnormality. For example, valve stenosis in 
prenatal life, as in postnatal life, will increase the 
maximum velocity across the affected valve. 

Although the velocity measurements are accurate, 
the derived volume flow estimates are subject to 
error in the measurement and calculation of valve 
orifice area. The scatter of dimension measurements 
was greater for the atrioventricular than for the arte- 
rial valves. In our experience the decision about 
which dimension to take as the diameter to measure 
at the atrioventricular valve is more subjective than 
the decision at arterial valve. Any error is magnified 
when the radius is squared in the volume flow calcu- 
lation. A further possible source of error is the 
assumption that all four valves are circular in cross 
section. This is probably true for the arterial valves 
but may not accurately reflect the geometry of the 
atrioventricular orifices. For these reasons, and 
because it is easier, we prefer to take the estimate of 
flow obtained in the great arteries as the output of 
that ventricle. Despite these reservations the cor- 
relation between atrioventricular valves and arterial 
valve flows is, as stated above, good. 


Doppler echocardiographic evaluation of the normal human fetal heart 


Examination of fig 5 shows that the combined 
ventricular output at 26 weeks' gestation is approxi- 
mately 450 ml/min, slightly more if atrioventricular 
valve flow is used and slightly less if arterial valve 
flow is used. At this gestational age the fetal body 
weight is approximately 1kg. Thus the combined 
ventricular output is in the region of 450 ml/kg/min. 
This figure resembles that found by other workers 
and the values found in fetal lambs. " By 32 weeks’ 
gestation, however, when the mean fetal body 
weight is 2kg, the combined ventricular output 
dropped slightly to 420 ml/kg/min. There was a 
clear pattern for the relation between right and left 
ventricular outputs. In most cases the output of the 
right ventricle was higher than that of the left, but in 
less than a quarter of cases the reverse was true. 

"There is wide diurnal and individual variation in 
cardiac output in the normal resting subject, and in 
the fetus it is difficult to be sure that the mea- 
surements are made in a resting state. Doppler trac- 
ings are very difficult to obtain if there is appreciable 
movement of the fetal trunk, but finer head or limb 
movements are impossible to exclude during the 
study. Such movements could alter the peripheral 
resistance, and thus the Doppler estimate of mean 
velocity, and could contribute to the scatter of 
normal values. 

Despite these reservations about the method these 
data demonstrate that Doppler echocardiography 
can be used to study human fetal cardiac function. 
These normal values provide the basis for the inter- 
pretation of data obtained from fetuses with abnor- 
malities of pregnancy, structural heart disease, or 
cardiac arrhythmias. 
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Obstruction of the central pulmonary artery after 
shunt operations in patients with pulmonary atresia 
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HIROMI KUROSAWA*t 


From the Departments of * Paediatric Cardiology and t Surgery, the Heart Institute of Japan, Tokyo Women's 


Medical College, Tokyo, Japan 


SUMMARY The central pulmonary artery was studied angiographically 1-10 years after a pal- 
liative operation in 56 patients (mean age 6 years, range 1-20) with congenital heart disease and 
pulmonary atresia. All of them had originally had a central pulmonary artery that was common to 
both the right and left pulmonary arteries. Juxtaductal obstruction of the left pulmonary artery 
had developed in 70% of the patients; in 40°, the obstruction was atretic unilaterally. Atresia 
developed at the right junction to the ductus where there was a shunt to the right pulmonary 
artery and at the left junction where there was a shunt to the left pulmonary artery. Stenosis 
causing a reduction of more than 50% of the inner diameter developed at the anastomotic site in 
10% of 30 patients with a functioning Blalock shunt. In contrast, there was occlusion of the 
pulmonary artery or its upper branch in 73% of 11 patients with a non-functioning anastomosis. 


Surgical techniques such as the Rastelli? or the 


Fontan procedure?! * have been developed to treat 
patients with congenital heart disease, pulmonary 
atresia, and a central pulmonary artery that is com- 
mon to both the right and left pulmonary arteries. 
Palliative operation may be important when further 
intracardiac repair is planned. We found that juxta- 
ductal obstruction of the left pulmonary artery 
developed in 67%, of 21 patients with pulmonary 
atresia without a preceding operation.) In patients 
who have had a palliative operation additional steno- 
sis may develop in the central pulmonary artery at 
the point of surgical intervention. The development 
and clinical application of our new preformed cath- 
eter for selective angiography of the central pul- 
monary artery in 1981? means that atresia of the 
central pulmonary artery can be visualised more 
clearly than before. We have investigated obstruc- 
tion of the central pulmonary artery developing after 
palliative operation in patients with pulmonary 
atresia. 


Requests for reprints to Dr Kazuo Momma, The Heart Institute of 
Japan, Tokyo Women’s Medical College, Kawada-cho 8-1, 
Shinjuku-ku, Tokyo 162, Japan. 


Accepted for publication 5 January 1987 


Patients and methods 


From November 1981 to November 1984, 56 con- 
secutive patients with congenital heart disease and 
pulmonary atresia were admitted to our institute for 
cardiac catheterisation 1-10 years after palliative 
operation. At preoperative aortography contrast 
medium passed into the central pulmonary artery 
through the ductus arteriosus. The precise arrange- 
ment of juxtaductal pulmonary arteries was not 
displayed before operation because selective angio- 
graphy was not available. During the same period 21 
similar patients who had not had a palliative oper- 
ation were studied by selective pulmonary angio- 
graphy. These were the subject of another study of 
the course of juxtaductal obstruction of the left pul- 
monary artery in pulmonary atresia not treated by 
palliative operation.° 

We reviewed angiograms and surgical records of 
the 56 patients who had had a palliative operation. 
Intracardiac anatomy was diagnosed by cross sec- 
tional echocardiography and ventriculography. 
Table 1 lists the previous operations and intra- 
cardiac diagnosis in these 56 patients (aged 1 to 20 
years, mean 6). 'The interval between the previous 
operation and the present study ranged from one to 
10 years (mean 4). Patients with bilateral ductus 
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Table 1 


Intracardiac anatomy and previous operations in 56 patients with pulmonary atresia 


—————————————————————————————————— 


Intracardiac anomaly 


Fallot's tetralogy 11 
Intact ventricular septum 2 
Tricuspid atresia l 
Univentricular heart 2 
Ventriculoarterial discordance 3 
Atrioventricular and ventriculoarterial discordance ! 
Atrioventricular septal defect I 
Total 21 


arteriosus or major aortopulmonary collateral 
arteries? were excluded from this study. 

Angiography of the central pulmonary artery was 
performed as follows. After ventriculography or 
aortography, the ductus arteriosus or the surgically 
created anastomosis was catheterised and selective 
pulmonary angiography was performed with biplane 
cinefilm or cut-film equipment. Since November 
1981 we have successfully used a preformed 
catheter" for selective injection of contrast medium 
through the ductus. Pulmonary vein wedge 
angiography" '? was performed to visualise occult 
pulmonary arteries. 

In this article we use the term central pulmonary 


Fig 1 


No operation 





Palliative operation 








Left Blalock Right Blalock Brock Others Total 
11 4 1 8 35 
2 2 6 
2 ; 
4 a 2 12 
6 2 2 13 
3 3 7 
l 
28 13 3 12 77 


artery to describe the pulmonary trunk (main pul- 
monary artery) and the right and the left pulmonary 
arteries proximal to the hilar portion. In three 
patients with situs inversus the terms right pul- 
monary artery or left pulmonary artery relate to the 
morphology of the vessels. Pulmonary artery steno- 
sis was defined as a reduction of the inner diameter 
to less than 50", of its largest diameter. The term 
atresia was applied to obstructions where angio- 
grams showed a sharply demarcated obstruction 
without wash out of contrast (figs 1 and 2). When the 
pulmonary artery was generally smaller than nor 
mal, this was termed hypoplasia. Two types of pul 
monary atresia were identified on the angiograms. In 
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Pulmonary arteriograms of a two year old boy with tetralogy of Fallot, pulmonary valve atresia, ductus 


arteriosus, and a left Blalock shunt. Injection at the orifice of the anastomosis showed the left pulmonary artery with 
an atretic junction to the ductus (a). Selective injection through a preformed catheter into the ductus visualised only 
the right pulmonary artery and a well developed pulmonary trunk ( (b), frontal; (c), lateral). Ao, aorta; RPA, 
right pulmonary artery; PT, pulmonary trunk; BT, Blalock- Taussig shunt. 





Fig 2 


and pulmonary trunk 
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Pulmonary arteriograms of a 10 year old girl with tetralogy of Fallot, pulmonary trunk atresia, ductus 
arteriosus, and a right modified Blalock shunt. Injection into the anastomosis visualised the right pulmonary artery 


a), frontal; ( b), lateral). Juxtaductal atresia in the left pulmonary artery was diagnosed on 


the basis of this angiogram. Injection into the ductus, which visualised only the left pulmonary artery (not shown), 
confirmed the diagnosis. See legend to fig 1 for abbreviations. 


pulmonary valve atresia the pulmonary trunk was 
long and tubular and sinuses of Valsalva were seen at 
its anterior end (fig 1). In truncal atresia, the pul- 
monary trunk was short and cone shaped (fig 2). 
The ductus was patent at catheterisation in 40 of the 
56 patients. The ductus arteriosus was left sided in 
all 40 patients and originated from the left innom- 
inate artery in the 10 patients with right aortic arch. 


STATISTICAL ANALYSIS 

Differences in proportions were tested by the y? 
test! and a p value of 0:05 was regarded as 
significant. 


Results 


Stenosis or atresia in the central pulmonary artery 
developed either at the junction of the ductus (juxta- 
ductal obstruction?) or at the site of the surgical 
shunt. We did not find stenosis or atresia at any 
other part of the central pulmonary artery other than 
the point of surgical intervention. The influence of 
each surgical intervention on the development of the 
obstruction in the central pulmonary artery was 


different and we give the results for each surgical 
group. 


LEFT BLALOCK SHUNT 

This group of 28 patients includes those with the 
original Blalock shunt and a modified Blalock shunt 
with a polytetrafluoroethylene (PTFE) graft. We 
found eight patterns of ductus arteriosus and 
obstructions in the central pulmonary artery (fig 3). 
Only six (21",,) of 28 did not have any obstruction in 
the central pulmonary artery, 79",, had juxtaductal 
obstruction—in 12 (43",) patients this was atretic. 
In all but one of these 12 patients juxtaductal atresia 
was left sided. In this exceptional case the left Bla- 
lock shunt was becoming occluded and blood flow 
through tae shunt was much reduced. Blood flow to 
the left palmonary artery was maintained from the 
ductus, and juxtaductal atresia developed in the 
right side as it did in those patients without previous 
shunt operation.? 

In two patients the anastomosis was occluded and 
the left pulmonary artery was not visualised by con- 
trast medium coming through either the ductus or 
the anas-omosis. Pulmonary vein wedge angio- 
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Fig3 Patterns of the central pulmonary artery after a left Blaloch-Taussig (BT) shunt in 28 patients with congemtal 
heart disease and pulmonary atresia in whom the central pulmonary artery had originally been common to both the right 
and left pulmonary arteries. Numbers of patients and their ages are given. A, aorta; PA, pulmonary artery; PDA, ductus 


arteriosus; LPA, left pulmonary artery 
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Fig 4 Patterns of the central pulmonary artery after a right Blalock-Taussig (BT) shunt in 13 patients with congemtal 
heart disease and pulmonary atresia in whom the central pulmonary artery had originally been common to both the nght 
and left pulmonary artertes. Numbers of patients and their ages are given. See legend to fig 3 for abbreviations. 
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Fig 5 Frequency of occlusion of the pulmonary artery or 
its branches at the anastomotic site of Blalock shunt. 





graphy confirmed the patency of the peripheral left 
pulmonary artery in both patients. 


RIGHT BLALOCK SHUNT 

There were 13 patients in this group and six patterns 
of arrangement of the ductus and obstructions in the 
central pulmonary artery (fig 4). Eight (62%) had 
juxtaductal obstruction and six of these had atresia. 
Juxtaductal atresia of the left pulmonary artery 
always developed to the right of the ductus in this 
group. A closed ductus with juxtaductal obstruction 
in the left pulmonary artery was found in only one 
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patient. No patient showed significant obstruction of 
the right pulmonary artery at the anastomosis. 

Figure 5 summarises the type of obstruction that 
we found in the pulmonary artery at the point of 
anastomosis in these two groups of patients with 
Blalock shunts. At the junction of the anastomosis 
the contour of wall of the pulmonary artery was 
uneven and the inner diameter was often reduced 
slightly (fig 2). Stenosis or occlusion developed in 
only three out of 30 patients with functioning sub- 
clavian to pulmonary artery anastomosis, however. 
In the 11 patients with non-functioning Blalock 
shunt, there was obstruction of the pulmonary 
artery or its upper branch (fig 6) in eight (73°) 
patients. In the remaining three patients we could 
not visualise this part of the pulmonary artery. 


WATERSTON SHUNT 

We studied six patients with a Waterston shunt. 
Three had associated ductus arteriosus and two had 
a left Blalock shunt. One had had bilateral non- 
functioning Blalock shunt before Waterston shunt 
was done. Six patterns of the central pulmonary 
artery were observed (fig 7). Juxtaductal obstruction 
of the left pulmonary artery was present in all six, 





Fig 6 Pulmonary arteriograms of a seven year old girl with ventriculoarterial discordance, right aortic 


arch, pulmonary trunk ( PT i 





atresia, ductus arteriosus ( PDA}, and a non-functioning right Blalock 


shunt. Injection into the ductus visualised the central pulmonary artery except for its right upper branch 
which was atretic at the site of the occluded Blalock shunt. (a), frontal; (bj, lateral. 
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Fig 7 Patterns of the central pulmonary artery after a Waterston shunt in six patients with congenital heart 
disease and pulmonary atresia in whom the pulmonary artery had originally been confluent. Numbers of patients and 
their ages are given. See legend to fig 3 for abbreviations. LBT, left Blalock-Taussig. 





Fig 8 Pulmonary arteriograms of an eight year old boy with tetralogy of Fallot, 
pulmonary atresia, non-functioning Blalock shunts, and functioning Waterston 
shunt. Selective injection into the right pulmonary artery showed occlusion of the 
upper branch (a). Injection into the right subclavian artery showed well developed 
collateral vessels and occluded anastomosis ( b). Injection into the wedge position of 
the upper pulmonary vein (PVW ) with a transarterial catheter showed atresia of 
the upper branch of the right pulmonary artery (c), followed by extravasation into 
the sputum and the appearance of contrast in the bronchi a few seconds later (d). 
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Fig 9 Patterns of the central pulmonary artery after 
Brock operation or central shunt in four patients with 
congenital heart disease and pulmonary atresia in whom the 
central pulmonary artery had originally been common to 
both the right and left pulmonary arteries. Numbers of 
patients and their ages are given. See legend to fig 3 for 
abbreviations. 


and in three of these there was atresia. At the 
anastomosis the proximal right pulmonary artery 
was obstructed completely in three patients (fig 8), 
and partially in the other three patients. 

A complication of pulmonary vein wedge 
angiography occurred in an eight year old boy with 
tetralogy of Fallot, pulmonary atresia, bilateral non- 
functioning Blalock shunts, and a functioning 
Waterston shunt. Selective right pulmonary 
arteriography showed complete occlusion of the 
upper branch and occlusion at the proximal right 
pulmonary artery. Power injection into the right 
upper pulmonary vein was associated with intra- 
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Fig 10 Frequency of juxtaductal obstructions of the left 
pulmonary artery in each surgical group and the group not 
treated by operation. LBT, left Blalock shunt; RBT, right 
Blalock shunt. 
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Table 2 Numbers and percentages of juxtaductal 
obstructions in each type of pulmonary atresia in 56 
patients 1-10 years after palliative operation 





Pulmonary valve Pulmonary trunk Type not 





Juxtaductal atresia atresia diagnosed 
obstruction (951 ($5) 86) 
Noobstruction 10/48) 5 (28) 0 
Stenosis 9(43) 7(39) 3(18) 
Atresia 2(9) 6(33) 14(82) 
Total 21100) 18 (100) 17 (100) 
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pulmonary injection, the appearance of contrast in 
the bronchi, and bloody sputum. Blood disappeared 
from the sputum within 24 hours and he recovered 
without any noticeable residual lesion. 


BROCK OPERATION AND CENTRAL SHUNT 

We studied three patients with Brock operation and 
another patient with a central shunt (ascending 
aortopulmonary artery graft). Figure 9 shows the 
four patterns of the central pulmonary artery that we 
found in these patients. Two had juxtaductal 
stenosis in the left pulmonary artery. 

Figure 10 shows the frequencies of juxtaductal 
stenosis and atresia in each surgical group. We com- 
pared these results with data collected from a group 
of 21 patients who had not had a palliative operation. 
Juxtaductal stenosis or atresia developed in every 
group. It was milder in Brock's operation and cen- 
tral shunt, but the small number of patients in this 
group precludes any definite conclusion. 

Table 2 shows how juxtaductal obstruction in 
these 56 patients correlated with the type of pul- 
monary atresia. In 17 patients the pulmonary trunk 
could not be visualised and the type of pulmonary 
atresia remained unknown. Atresia of the pulmonary 
valve was associated with less frequent and milder 
juxtaductal obstruction of the left pulmonary artery 
than atresia of the pulmonary trunk. 


Discussion 


In this study and an earlier one, juxtaductal 
obstruction in the left pulmonary artery was the 
most common and most major obstruction found in 
the central pulmonary artery in patients with con- 
genital heart disease and pulmonary atresia in whom 
the central pulmonary artery had been common to 
both the right and left pulmonary arteries. This 
obstruction, however, was modified by the pre- 
ceding palliative operation. In those patients who 
had not had a palliative operation? with a right Bla- 
lock or Waterston shunt, juxtaductal atresia devel- 
oped to the right of the ductus. In patients with left 
Blalock shunt, juxtaductal atresia developed on the 
left side of the ductal junction. In patients who had 
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-not had a palliative: operation juxtaductal obstruc- 

tion developed exclusively in those with truncal 
atresia; no patient with an atretic pulmonary valve 
had juxtaductal obstruction. This was not true of 
the 56 patients, reported in the present study. 

Progressive juxtaductal obstruction was common 
both in patients with a shunt operation and in those 
without. Angiography showed a cone-shaped 
stenosis on both sides of the junction of the ductus 

^ and in the left pulmonary artery. In those without 

shunts this stenosis progressed to atresia after the 
age of four.? In some of those with shunts, however, 
juxtaductal atresia developed at the age of two or 
three years. This-suggests that a shunt operation 
may accelerate juxtaductal obstruction of the left 
pulmonary artery. 

In patients with an-anastomosis between the left 
subclavian artery. and pulmonary artery, atresia was 
more common at the left junction. Juxtaductal 
atresia developed at the left junction in all four 
patients who had both a ductus arteriosus and 
had had a well functioning left Blalock shunt for 
more than a year. The mechanism that causes the 
development of atresia at the left junction in this 
particular group is not clear. Presumably, blood flow 
became turbulent at this point after the establish- 
ment of a shunt to the left pulmonary artery and this 
caused a jet lesion to develop there. The same mech- 
anism could account for the development of atresia 
at the right junction to the ductus after 
‘a shunt to the right pulmonary .artery. This 
mechanism could also explain why juxtaductal 
obstruction was mild in patients after a Brock opera- 
tion or central shunt. 

We showed a clear correlation between the 
patency of the anastomosis between the subclavian 
artery and pulmonary artery and occlusion of the 
pulmonary artery at the anastomotic site. Significant 
occlusion at the anastomotic site rarely developed in 
the pulmonary artery while the anastomosis was 
functioning, whereas when the anastomosis was not 
functioning there was invariably occlusion of the 
pulmonary artery or its branch at this site. This 
emphasises the importance of a good: anastomosis in 
patients with pulmonary atresia in whom further 
intracardiac repair is planned. 

In patients with atresia of a pulmonary artery at 
the site of a non-functioning anastomosis, the 
patency of the peripheral pulmonary artery can be 
shown by pulmonary vein wedge angiography.9  !? 
This technique is not without risk, however. Pul- 
monary vein wedge angiography. should be tried 
only after careful selection of the injection site, dose 
of contrast material, and injection speed. We recom- 
mend a hand injection of contrast material to visual- 
ise an occult upper branch of a pulmonary artery. In 
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patients with one occult pulmonary artery, we rec- 
ommend injection into the pulmonary vein of the 
middle or lower lobe. Power injection should only be 
used after hand injection of a small amount of con- 
trast material has established the presence of a 
patent peripheral portion of the pulmonary artery. 

A Waterston shunt is often associated with 
occlusion of the right pulmonary artery at a point 
proximal to the  anastomosis.!?!? This was 
confirmed in the present study. Obstructive lesions 
of this type will require careful treatment by angio- 
plasty at intracardiac repair. Occlusion of the right 
pulmonary artery proximal to the anastomosis also 
curtails the supply of blood shunted to the left pul- 
monary artery and this may inhibit development of 
the vascular bed in the left lung. These aspects 
should be considered when palliative operations are 
selected for patients in whom intracardiac repair is 
planned. 

Brock's operation, if technically feasible, is prob- 
ably the most suitable operation for patients with 
atresia of the pulmonary valve. A Blalock shunt or 
modified Blalock shunt is the standard operation for 
patients with atresia of the pulmonary trunk. There 
is no known method of preventing the development 
of juxtaductal obstruction in the left pulmonary 
artery; however, juxtaductal obstruction in the left 
pulmonary artery was general mild in those 
patents with a spontaneously closed ductus arte- 
riosus. Ligation of the ductus at palliative operation 

'may prevent progress of juxtaductal obstruction in 
the left pulmonary artery in the neonatal period. 


We thank Dr L M Linde, Clinical Professor of 
. Paediatric Cardiology, University of Southern Cali- 
fornia School of Medicine, Miss Barbara Levene, 
Miss Miyuki Kahn, and Miss Chikako Maruyama 
for their help. 
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‘Tricuspid atresia with transposition of the great 
arteries in adolescents and adults: current state and 


late complications 


CAROLE A WARNES, JANE SOMERVILLE 
From the Paediatric and Adolescent Unit, National Heart Hospital, London 


SUMMARY The outcome was reviewed in 17 patients aged 15—40 years with tricuspid atresia and 
transposed great arteries selected by survival beyond age 14 years. Only. five.lead normal lives 
e (ability index 1 or 2); the rest are dead or disabled. Arrhythmias occurred in seven. Maintenance 
of sinus rhythm is important because incessant atrial arrhythmias cause serious symptomatic 
deterioration. Pulmonary vascular disease and subaortic stenosis were important determinants of 
late mortality and morbidity. Because the mortality associated with the Fontan operation was 
high in these patients it should be performed with impeccable surgical technique and only in 
those who fulfil all the selection criteria for the operation. A shunt is the preferred option when 


any of the criteria are not met. 


Palliative surgery and the Fontan operation have 
modified the course of tricuspid atresia and trans- 
posed great arteries, but little 1s known about the 
outcome in adults with this condition. We have 
reviewed 17 adolescents and adults with this anom- 
aly and have assessed the factors which contributed 
to their death.and disability. 


Patients and methods 


We reviewed all patients with angiographically 
proven tricuspid atresia and transposed great arte- 
ries who were seen at the National Heart Hospital, 
London, since 1965 and who survived beyond age 14 
years. The 17 patients (aged 15—40 years) were 
divided into two groups—group A: 12 patients with 
palliative shunts or no previous surgery (six are alive 
to date) and group B: five patients who had a Fontan 
operation or modification at 15—21 years; only one is 
ahve. The causes of death were analysed and nec- 
ropsy data were examined when they were available. 
Al living patients were examined ın 1986 and had 
' chest x ray, electrocardiogram, exercise test by the 
modified Bruce protocol, sand 24 hours of ambu- 
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latory electrocardiography. The left ventricular 
ejection fraction was measured by cross sectional 
echocardiography and equilibrium electrocardio- 
gram-gated radionuclide angiography. The ability 
index was determined in each patient to evaluate 
their quality of life (figure). 


Results 


GROUP A PATIENTS WITH PALLIATIVE SHUNTS 
OR NO SURGERY 

Table 1 shows the data on 12 patients. Nine had 
pulmonary stenosis. Two (cases 2 and 5) had shunt 
operations before the age of one, a further five 
needed surgery during the first decade, and one had 
a Blalock-Taussig shunt at 17 years. One patient had 
her first shunt operation at 34 years. Seven patients 
had Blalock shunts, two a Glenn anastomosis (cases 
5 and 9), and three patients had a direct aorto- 
pulmonary anastomosis—Potts (case 2), Waterston 
(case 12), or from ascending aorta to left pulmonary 
artery (case 5). Three patients without pulmonary 
stenosis (cases 4, 7, and 11) survived more than 14 
years without surgery, but had severe pulmonary 
vascular disease and presented with serious symp- 
toms (haemoptysis, severe hypoxia) in the second 
and third decades. In a fourth patient (case 5) pul- 
monary vascular disease only developed after three 
previous shunt procedures, almost certainly as a 
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Ability index aortic right ventricle; the ventricular septal defect 

= i was large. 
Grade] td u Patient 10 died suddenly nine months after an ini- 
Can manage pregnancy tially successful Blalock shunt performed at the age 
a ; of 17 years; increasing hypoxia suggested throm- 
ees e T y arene bosis of the shunt. A patient (case 12) with an ability 
3 — Unable to work index of 2 died from an intracerebral haemorrhage. 
Grade Noticeable limitation of activities This was probably caused by habitual glue sniffing; 
ud two previous shunts were functioning. Patient 11 
Grade 4 — Prene onaren died in chronic left ventricular failure with pul- 
pride housebound monary vascular disease, mitral regurgitation, and 


Figure Ability index classification. 


result of a direct aorto-pulmonary artery shunt per- 
formed when she was eight years old. 


Mortality 

Six patients aged 15—22 years died—three at oper- 
ation. One with the Eisenmenger reaction (case 7) 
had massive haemoptysis from an infarct in the right 
lung and died after emergency lobectomy. Another 
with a failing Glenn anastomosis (case 9), small pul- 
monary arteries, and mild subaortic stenosis died at 
an attempted Blalock shunt. Fhis was her third; 
operation. The third death occurred in a patient 
(case 8) with angina, mild aortic valve stenosis, and 
severe subaortic stenosis; she died in asystole after 
extensive resection (> 4g) of muscle from the sub- 


atrial fibrillation. 


Survivors: ability index and exercise capacity 
Four of the six survivors lead nearly normal lives 
(ability index of 1 or 2) (table 1). T'wo patients with 
pulmonary vascular disease (cases 4 and 5) are more 
severely limited (ability indices of 3 and 4). 

Six patients performed an exercise test; three of 
the four with no pulmonary vascular disease reached 
stage III; one (case 2) stopped in stage II. The two 
patients with pulmonary vascular disease stopped at 
stage 0. 

Left ventricular ejection fraction measured by 
radionuclide angiography ranged from 36% to 64% 
(mean 47). Neither of the two patients with impaired 
ventricular function (cases 3 and 4) have had pre- 
vious shunts, but both are hypoxic and have poly- 
cythaemia that requires regular venesection. One 


'Tablel Chnical data on 12 patients with tricuspid atresia and transposition of the great arteries who had palliative procedures or no 





surgical treatment 
Congenital Ability 
pulmonary Operations performed and index m LV. vascular 
Case No Age Sex stenosis age ( yr) 1986 Arrhythmas — (95) disease Cause of death 
Alive. 
1 40 F + Blalock shunt (dextrocardia) 2 AF 64 0 — 
(34) 
2* 28 F T Potts anastomosis (1) 2 Mulufocal AT 52 0 — 
3 27 M T Pulmonary valvotomy (7) 2 0 36 0 — 
4 26 F 0 0 4 VT 38 Toc — 
5 22 F + Blalock shunt (2/12) 3 0 49 + Acquired — 
Glenn anastomosis (3) late 
Ascending Ao-LPA shunt (8) 
6 20 M Blalock shunt (6) 0 45 0 — 
Dead: 
7 22 M 0 R lower lobectomy (22) 0 t Operative 
et 22 F + Blalock shunt (2) Couplets, 0-* Operative 
Resection of subaornc stenosis (22) Asystole 
9t 18 F + Blalock shunt (4) 0 0 Operative. 
Glenn anastomosis (12) Failed shunt 
Blalock shunt (18) 
10 17 F + Blalock shunt (17) 0 0 9/12 later. Failmy 
shunt 
lij 17 M 0 0 AF t Inoperable 
12 15 M t Blalock shunt (3) 0 0 1 yr later. 
Waterston anastomosis (14) Intracerebral 
haemorrhage 


*This patient has subsequently had a Fontan operation. [Patients 8 and 9 also had subsornc stenosis. [Panent 11 also had mitral regurgitation. 
AF, atrial fibrillanon, Ao, aorto, AT, atrial ycardia; LPA, left pulmonary artery, LVEF, left ventricular ejection fraction; R, right; VPCs, ventriculi 


premature complexes; VT, ventricular tachycardia 


Tricuspid atresia with transposition of the great arteries in adolescents and adults 545 
[Iable2 Clinical data on five patients with tricuspid atresta and transposition of the great arteries with a Fontan procedure 





Congemtal — Previous 





Jase pulmonary operation and eat - Ability LVEF 
No Age Sex — stenosts age (yr) Fontan Type of Fontan index Arrhythma (%) Cause of death 
Alive 
13 18 F + Pulmonary 18 Direct RA appendage 2 Bigeminy 26 — 
valvotomy (5), to PA 
Potts 
anastomosis (11) 
Dead. 
14* 25 M + Blalock shunt (6) 19 Dacron tube + homograft Reoperation. 
' 25 RA to PA bus m 
‘ conduit + PAs. 
Right PA 
stenotic beyond 
' conduit 
15 24 M t Blalock shunt (9) 21 Homografts RA to PA VT, paced Bleeding at 
(x2) = 2 outlets from RA. cardiac 
Inflow homograft IVC transplantation 
16 18 F + Blalock shunt (2) 15 PAs remade with Dacron Reoperation (2nd 
18 + homograft RA to PA day). Poor PA 
development 
17* 15 M + Blalock shunt (2) 15 Homo, RA to PA 2nd day. Cerebral 
(x2) = 2 outlets from RA. anoxia. 
VSD enlarged. . Intractable 
d arrhythmias 


"Patient 14 also had severe subaortic stenosis and patient 17 also had moderate aortic stenosis. 
Bde areor vena cava, LVEF, left ventricular ejection fraction, PA, pulmonary artery, RA, right atrium, VT, ventricular tachycardia, VSD, ventricular 
ep ect 


(case 4) has pulmonary vascular disease. Despite 
measurable impairment of ventricular function the 
other (case 3) has an ability index of 2. 


Arrhythmias 

Five of the 12 patients had arrhythmias. Atrial 
fibrillation caused symptomatic deterioration in two, 
which improved in one (case 1, who also had a tran- 
sient stroke) after cardioversion. She has remained 
in sinus rhythm on quinidine for four years. In three 
patients asymptomatic arrhythmias were found on 
Holter monitoring: non-sustained multifocal atrial 
tachycardia (case 2), non-sustained ventricular 
tachycardia (case 4), and ventricular couplets 
(> 30/h) (case 8). 


GROUP B. PATIENTS: WITH A FONTAN 
OPERATION 

Table 2 summarises the data on these five patients. 
All had pulmonary stenosis. Four had had a Blalock 
shunt in the first decade, and one (case 13) had had 
a pulmonary valvotomy and a Potts shunt. All 


_patients had improvement in their clinical state after 


the shunt operation. A Fontan operation, with vari- 
ous modifications, had been performed at 15-21 
years (table 2). 


Mortality 

There were four deaths, three in patients who were 
not ideal candidates for: the procedure. Three who 
died at reoperation had not had symptomatic benefit 


from the Fontan operation. Patient 14, with small 
pulmonary arteries and severe subaortic stenosis, 
developed severe right-sided congestion and even- 
tually his conduit and pulmonary arteries became 
thrombosed. He died at reoperation. Patient 15 had 
adequate preoperative left ventricular function, but 
heart block developed at operation and he required 
an epicardial pacemaker. He was well enough to 
return to work (ability index 2) but left ventricular 
function deteriorated. One year after the Fontan 
operation ventricular tachycardia developed. This 
was abolished by amiodarone. His ejection fraction 
fell to 10% and cardiac transplantation was per- 
formed, but he died from uncontrollable bleeding. 
Patient 16 had poor pulmonary artery development 
and despite refashioning of the pulmonary arteries 
with Dacron and a homograft right atrial pressure 
was high after the Fontan procedure and increased 
over the next three years. At reoperation the pul- 
monary arteries were again refashioned but the right 


‘atrial pressure remained high (20 mm Hg) and she 


died on the second postoperative day. À 15 year old 
boy.died on-the second day after a Fontan operation. . 
Before operation he had moderate subaortic stenosis 
(gradient 40mm Hg at rest) with a left ventricular 
end diastolic pressure of 20 mm Hg and a pulmonary 
artery pressure of 34/24mm Hg. 


Survivor: ability index and exercise capacity 
One patient (case 13) was alive nine months after the 
Fontan operation. She had an ability index of 2, left 
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ventricular ejection fraction was 26%, and Holter 
monitoring showed runs of bigeminy. She reached 
stage II of the exercise test and was stopped by 
dyspnoea. 


Discussion 


Tricuspid atresia and transposition of the great arte- 
ries 1 uncommon, and without early surgery the 
prognosis 1s usually poor? because of hypoxia from 
low pulmonary blood flow in those with pulmonary 
stenosis or left ventricular failure in those with high 
pulmonary blood flow. In this series, however, two 
patients with pulmonary stenosis survived to 17 and 
34 years without surgical treatment, and two pa- 
itents with the Eisenmenger reaction survived to 22 
and 26 years without surgical intervention. The pro- 
portion of patients with this anomaly who survive to 
adolescence is unknown. The patients we saw were 
referred to the National Heart Hospital because they 
had complications and because of our known inter- 
est in adult congenital heart disease. 

Most patients (16/17 (94%)) had sufficient pul- 
monary blood flow to survive the first year without 
surgery, but 71% (12/17) needed a shunt or pul- 
monary valvotomy in the first decade. Perhaps those 
who require surgical treatment in infancy rarely sur- 
vive to adolescence because they have severe pul- 
monary stenosis or atresia or a small ventricular 
septal defect. 

Pulmonary vascular disease was common (4/17 
patients) and was an important determinant of late 
mortality and morbidity. In three patients with no 
pulmonary stenosis (cases 4, 7, and 11) the Eisen- 
menger state developed early; two died before 22 
years of age, and the survivor is severely disabled. In 
one patient (case 5) pulmonary hypertension devel- 
oped over a decade after an ascending aorta to left 
pulmonary artery anastomosis had been constructed 
when she was 8; she now has an ability index of 3. 
When left ventricular failure developed in adults 
with tricuspid atresia, pulmonary congestion rapidly 
accelerated their deterioration, and they are unlikely 
to survive to the fourth decade.? 

The option of cardiopulmonary transplantation is 
more hazardous in those with previous operations 
because they are liable to have torrential bleeding 
from the chest wall during further operation. Many 
would argue that pulmonary artery banding should 
be performed in patients with heart failure in in- 
fancy to keep the pulmonary vascular resistance low, 
so that the Fontan procedure, considered by many to 
be the ultimate operation of choice for this condi- 
tion, can be performed later. We are not convinced, 
however, that such patients with a Fontan operation 
performed at an early age would survive to their 
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early twenties. Also early surgery in such patients 
virtually rules out subsequent successful cardio- 
pulmonary transplantation. Furthermore, there is 
no doubt that in infants wnth heart failure, pul- 
monary artery banding accelerates the development 
of subaortic stenosis.* This is why we perform pul- 
monary artery banding only when failure is uncon- 
trollable or 1f the chest has to be opened for repair of 
a coarctation. 

Subaortic stenosis is a serious acquired lesion, 
which when it is severe may cause angina (case 8). It 
may develop under the aorta in the subaortic 
“conus” or at the ventricular septal defect.5 Those 
who have subaortic stenosis at birth, or soon after, 
are unlikely to survive to the second decade.? Four 
of the patients we describe had subaortic stenosis of 
varying degrees and two died after attempted relief 
of the obstruction. We believe that the outlook in 
patients with subaortic stenosis is poor despite the 
introduction of new operations. It should be as- 
sumed that sympathetic stimuh will increase the 
gradient. The effect of isoprenaline should be mea- 
sured at the time of cardiac catheterisation to 
confirm this. If left ventricular function is 
sufficiently good we believe that f blockade may 
offer less hazardous short term symptomatic relief of 
subaortic stenosis than surgery. 

Arrhythmias were common (7/17) and occurred 
irrespective of the type of operation and even when 
no operation had been performed. Thus arrhyth- 
mias appears to be part of the normal course, as they 
are in tricuspid atresia with normally related great 
arteries.! Atrial arrhythmias occurred in three pa- 
tients and ventricular arrhythmias ın four. Neither 
arrhythmia was more common in those with im- 
paired left ventricular function. Incessant atrial 
fibrillation, however; causes serious symptomatic 
deterioration and it is important to attempt early 
cardioversion. Medical treatment has maintained 
sinus rhythm in all survivors, but left ventricular 
function must be watched if negative inotropes are 
used. In one-patient complete heart block developed 
after a Fontan operation at 21 years of age and he 
needed a pacemaker; the epicardial route was 
chosen. 

Although impairment of left ventricular ejection 
fraction might be expected in patients with long- 
standing shunts, all survivors with shunts had nor- 
mal ejection fractions, but their left ventricular’ 
cavities were large. Left ventricular ejection fraction 
did not correlate with exercise capacity, which was 
impaired in all patients, but despite this all patients 
without pulmonary vascular disease led nearly nor- 
mal lives as judged by the ability index. 

Should adolescents and adults with shunts or pul- 
monary valvotomy be referred for a Fontan oper- 
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ation while haemodynamic function 1s good—that is 
when they have an ability index of 1 or 2? Un- 
fortunately, we cannot answer this question because 
three of our five patients did not meet the ideal crite- 
ria for Fontan; however, the one who was an ideal 
candidate (case 15) did badly. The mortality of the 
Fontan operation in those with transposed great ar- 
teries is certainly higher than it is 1n those with sim- 
ple tricuspid atresia,! and this should be borne in 
mind when referral of a symptom free adult for this 
procedure is considered. It could be argued that the 
patents in this series had their Fontan operations 
performed relatively late in life and that this may 
also have adversely affected the outcome.” We do 
not know whether they would have survived to 
adulthood if the Fontan operation had been per- 
formed earlier. We are not convinced that such pa- 
tients will live longer or have less disability if they 
have a Fontan operation. When haemoglobin rises 
or symptoms become worse in patients who fulfil all 


- tre criteria for a Fontan operation they are referred : 


for the operation. We accept that there are greater 
risks after a Fontan operation and more compli- 
cations than after a shunt; however, the potential 
long term benefits may be better. Few patients in 
this age group will meet all the-criteria, mainly be- 
cause earlier palliative shunts will have been per- 
formed too late or will be too large or technically 
imperfect. Even when only one criterion is not 
fulfilled the mortality and morbidity of a: Fontan 
operation appear to be unacceptable, and in this cir- 
cumstance we prefer a shunt, even though they too 
are associated with added risks and difficulties in 
these young adults with long term cyanosis. To re- 
duce these difficulties an impeccable ‘surgical tech- 
nique is required to construct a shunt of ideal size 
that does not distort the pulmonary arteries or use 
Dacron, which leads to thromboses. ‘The shunt 
should be large enough to reduce hypoxia, yet not be 
too large and overload the left ventricle. 


These results are depressing. We recognise that 
these patients were treated at a time of pioneenng 
surgical efforts and that mistakes were made. This 
report illustrates the diversity of difficulties encoun- 
tered in such patients. Even having learnt from our 
mistakes, we suspect that because of the problems 
inherent in the anomaly we will still not be able to 
prevent disabling illness in many adult survivors 
with tricuspid atresia and transposition of the great 
arteries. 


Carole Warnes was supported by a grant from the 
British Heart Foundation. 
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Results of surgical repair for dissection of the 


ascending aorta 


AJ MURDAY, R PILLAI, PG MAGEE, RK WALESBY, J EC WRIGHT, 


M F STURRIDGE 
From the London Chest Hospital 


SUMMARY Between 1970 and 1986, 40 patients had surgical treatment for dissection of the 
ascending aorta at the London Chest Hospital. The overall hospital mortality was 27-595. Pre- 
operative renal impairment and age >60 years were both associated with a significantly increased 
hospital mortality. In the long term one patient was lost to follow up. There have been two late 
deaths among the remaining 28 patients (mean follow up 4-4 years). 'T'he functional state of the 
survivors is good, with only three having any cardiac disability. 


Aortic dissection was first described by Sennertus in 
1628.! In 1769 Morgagni deduced that the condition 
arose as a result of blood forcing its way through the 
layers of the aortic wall.? The earliest attempts at 
surgical repair were unsuccessful, ^ until 1955, 
when DeBakey et al described an operation in which 
the false lumen was obliterated and aortic continuity 
restored by means of a graft.) This, together with 
measures to combat complications of the condition 
such as aortic incompetence and major vessel 
occlusion, remains the rationale behind the surgical 
management of aortic dissection. 

We have analysed the early and late results of 
surgical repair for dissection of the ascending aorta 
at the London Chest Hospital from 1970 up to 
February 1986. There is still debate about the ideal 
treatment for dissection of the descending aorta. 
It is our policy to use medical management for 
dissections confined to the descending aorta. 

The classification developed by DeBakey and his 
coworkers’ defines type I dissections as those which 
affect the ascending and descending aorta, type II 
dissections as affecting only the ascending aorta, and 
type III dissections as starting distal to the origin of 
the left subclavian artery and not extending retro- 
gradely. Miller et a] group dissections of types I and 
II together as type A and they call type III dis- 
sections type B. In this report we have adopted the 
classification of Miller et al. 
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Patients and methods 


We analysed the case notes of all patients who had 
undergone surgery for aortic dissection since 1970, 
noting the details of preoperative history, clinical 
state, and laboratory results. We also examined 
operation records to determine the nature of the 
operative intervention, noting postoperative compli- 
cations. Hospital survivors were traced. Those still 
alive were contacted by telephone and asked a series 
of questions about their current state of health. The 
cause of death in patients who died after operation 
was obtained from the records of their family prac- 
titioners and, where relevant, from the records of 
other hospitals. 

Fisher’s exact probability test was used to deter- 
mine whether or not various preoperative factors 
had any statistically significant effect upon hospital 
mortality. 


Results 


PATIENTS 

Forty patients (29 M, 11 F), aged 17-74 (mean 55), 
had surgical treatment for dissection of the 
ascending aorta. 


AETIOLOGY 

Hypertension was the most common aetiological 
factor. Fifteen (38%) patients had hypertension 
before operation. Two (5%) cases were the direct 
result of cardiac catheterisation. Two patients had 
clear stigmata of Marfan’s syndrome, and one case 
occurred 10 days after aortic valve replacement. The 
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Surgical repair of aortic dissection 








Tablel Operative procedures 

Operation No 
Aortic graft alone 17* 
Aortic repair alone Tr 
Aortic graft with valve repair 9 
Aortic graft with valve replacement 2 
Aortic repair with valve repair 1 
Aortic repair with valve replacement 3 
No procedure g 1 


*In each of these categories one patient had concurrent coronary 
artery surgery. 


largest group, consisting of 19 (48%) patients, had 
no obvious aetiological factors. 


DIAGNOSIS. 

In most patients dissection was diagnosed by aor- 
tography (34/40), while two cases were undiagnosed 
preoperatively and one was diagnosed by plain chest 
x ray. Recently we have been assessing the role of 
digital subtraction aortography after intravenous 
injection of contrast; three patients had the repair 
operation after this invesugation alone. 


ANATOMICAL TYPE 

Of the 40 patients with type A dissections that make 
up this series, 25 were operated upon within two 
weeks of the onset of symptoms (acute) and 15 
beyond two weeks (chronic). 


PREOPERATIVE PROCEDURE 
Table 1 summarises the operative procedures. 


Before 1978 coronary perfusion-was used and there- . 


after cardioplegic arrest. One of the 40 patients died 
before cardiopulmonary bypass could be estab- 
lished. Two patients underwent concurrent coro- 
nary artery bypass grafting. 


HOSPITAL MORTALITY 
There were 11 hospital deaths; thus the overall hos- 
pital survival rate was 72:595. Table 2 gives the 


causes of death: In the single case in which it proved ' 


impossible to establish cardiopulmonary bypass all 
the femoral perfusion entered the false lumen, com- 
pressing and occluding the branches of the aortic 
arch; the patient died. 


Table 2 Causes of hospital mortality 
Cause No 


Haemorrhage 
Cardiorespiratory failure 
Cerebral embolus 
Intestinal infarction 


———— o^» 


Renal failure . 
Unable to establish bypass 
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Table 3 Hospital mortality related to preoperative 
complications and other factors 
A Hospital mortality 
«60 yr 4/28 (1496) 
260 yr 7/12 (58%) 
Renal impairment: 
Present 6/9 (67%) 
Absent 5/31 (16%) 
Year of operation 
Up to 1977 5/10 (50%) 
er 1977 di 6/30 (20%) 
Haemopericardium: 
Present 5/12 (42%) 
Absent 6/28 (21%) 
Aortic incompetence 
Present 6/26 eua 
Absent 5/14 (3676 





RISK FACTORS 

The relation of several preoperative indices to hospi- 
tal mortality was.examined to identify factors that 
affected operative risk (table 3). 

(a) year of operation —Between 1970 and 1977, 10 
patients underwent surgical repair for aortic dis- 
section. Over this period hospital mortality was 
50%. Between 1978 and 1986 30 patients had sur- 
gical repair and six (20%) died in hospital after the 
operation. This difference does not quite reach sta- 
tistical significance (p = 0-08) (Fisher's exact test). 

(b) Renal impairment—Nine patients had renal 
impairment (raised plasma urea or creatinine or 
urine output « 20 ml/hour) before operation. In this 


. group hospital mortality was 6/9 (67%) compared 


with 5/31(16%) in those patients without renal 
impairment. This difference is statistically 
significant by Fisher's exact probability test (p « 


. 0-05). 


(c) Age—T-welve of the 40 patients were 260 
years at operation. The mortality for this group was 
7/12 (5895) compared with 4/28 (14%) for patients 
who were «60 at operation. This difference just 
reaches statistical significance (Fisher's test, p — 
0-05). 

(d) Haemopericardtum was present at operation in 
12 patients; however, this finding had no statistically 
significant effect upon hospital mortality. Five 
patients with Haemopericardium died, compared 
with six of the 28 without haemopericardium. 

(e) Aortic valve regurgitation— T here was evi- 
dence of aortic regurgitation in 26 patients before 
operation and six (23%) of these"patients died 
within 30 days of operation. Five (3695) of the 14 
patients without evidence of aortic incompetence 
died. This difference is not statistically significant. 

(f) Sex—The hospital mortality for male patients 
was 7/28 (25%) and that for female patients was 4/12 
(33%). This difference is not statistically significant. 
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EARLY NON-FATAL COMPLICATIONS 
Five serious non-fatal complications occurred 
within the early postoperative period. One patient 
suffered paraplegia which did not resolve. Hemi- 
plegia developed in another patient, who made a 
complete recovery. There was a single episode of 
retinal infarct, resulting in a partial field defect in 
one eye, that did not resolve. Endocarditis caused by 
Staphylococcus aureus developed in one patient. This 
was successfully treated with antibiotics. The fifth 
patient developed acute renal failure after sep- 
ticaemia, which was successfully treated without 
long term sequelae. 


LONG TERM FOLLOW UP 

One patient was lost to follow up immediately after 
hospital discharge. All the other 28 hospital sur- 
vivors have been followed up to the present time. 
The average time from operation to the present is 
44 years. There have been two late deaths. One 
patient with Marfan's disease died two years after 
his original operation (aortic repair) having under- 
gone two subsequent aortic root replacements. The 
other died from heart failure five years after oper- 
ation (aortic valve replacement and aortic repair). 
Three further patients suffered events that may be 
related to the original aortic dissection. One patient 
developed aortic regurgitation requiring aortic valve 
replacement four years after valve resuspension and 
ascending aorta repair for an acute dissection. This 
pauent is well 2:5 years later. One patient had an 
abdominal aortic aneurysm repaired three years 
after repair of a chronic dissection. A third patient 
suffered a right hemiplegia two years after ascending 
aortic replacement with a Dacron graft for a chronic 
dissection. Of the 26 known long term survivors, 23 
are symptom free and in the other three activity is 
slightly restricted by cardiovascular disability. 
Twelve patients are in full time employment. 


Discussion 


Hospital mortality associated with surgical treat- 
ment of type A aortic dissection is high, but that 
associated with medically treated patients is higher.? 
Opinion is divided on the relative merits of surgical 
and medical treatment of type B aortic dissection. 
Whereas DeBakey and his collegues in Houston 
advocate surgical treatment for these patients,” there 
is considerable evidence that elsewhere the results of 
medical management are just as good.? !? This is 
why at the London Chest Hospital patients with 
aortic dissections of the ascending aorta (type À) are 
treated surgically, and those with dissections that are 
restricted to the descending aorta (type B) are 
treated medically. 


Murday, Pillai, Magee, Walesby, Wright, Sturridge 


Like others,!! !? we found a history of systemic 
hypertension ın most patients presenting with aortic 
dissection. The only other notable aetiological fac- 
tors were Marfan’s disease and trauma at either 
angiography or cardiac surgery. 

The preferred method of preoperative diagnosis 
will always depend upon the facilities available 
within the unit. Direct aortography has become 
the established method, but computerised tom- 
ography,!? magnetic resonance,!* and digital sub- 
traction aortography after intravenous injection of 
contrast! are alternatives. Recently, we have been 
using digital subtraction aortography as a first line 
method of diagnosis at the London Chest Hospital. 
So far three patients have had a repair operation 
after this investigation alone. 

What information does the surgeon require to 
treat an aortic dissection? Confirmation of diagnosis 
is essential. Whether the site of the intimal tear must 
be known is open to question. The site of the tear is 
irrelevant if the only object of the operation is to 
restore the integrity of the lumen of the ascending 
aorta and the aortic valve. Many surgeons argue that 
coronary angiography is required so that incidental 
coronary artery disease may be recognised and 
treated. There is no evidence available upon which 
to base a rational decision about the merits of bypass 
grafting for these incidental lesions. We find that 
diagnosis established by digital subtraction angi- 
ography after intravenous injection of contrast is 
sufficient in most cases. 

'The surgical procedures used vary with time and 
between different surgeons. The principles of the 
surgical intervention, however, remain constant. 
These are restoration of the integrity of the 
ascending aortic wall by oversewing the two layers 
with or without an interposition graft and re- 
establishment of aortic competence when necessary, 
either by aortic valve replacement or by 
resuspension of the aortic valve when possible. 

In common with other reports,!9 !? several pre- 
operative factors were found to affect outcome 
significantly. Patients aged 260 had over three 
times the hospital mortality of those aged « 60. Pre- 
operative renal impairment also trebled the hospital 
mortality. Perhaps not surprisingly, hospital mor- 
tality has fallen progressively with time; however, 
the difference between the two periods (1970-1977 
and 1978-1986) does not reach statistical 
significance. Neither the presence of hae- 
mopericardium or regurgitation at the aortic valve 
affected surgical outcome. 

For hospital survivors (72:599 of those who 
underwent surgery) the prospects of a return to full 
activity were good. Only one patient was lost to 
follow up. Two patients have died, both from 
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cardiovascular causes. But the vast majority of the 
long term survivors (23 out of 26) reported that their 
activity was not restricted by cardiovascular dis- 


ability; and 12 patients were in full time employ- . 


ment. Since the average age of all the patients at ‘the 
time of « operation was 55 years, a large proportion of 
those not in full time employment are now beyond 
retirement age. 
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Isolation of the left common carotid or left 


innominate artery 


LANCE V FONG, ALEXANDER W VENABLES 


From the Department of Cardiology, Royal Children's Hospital, Victoria, Australia 


SUMMARY 


Isolation of the left common carotid or left innominate artery from the aortic arch is 


rare. A six week malformed infant with a right aortic arch had isolation of a left innominate artery 
and connection to the pulmonary artery by a left ductus arteriosus. A right ductus arteriosus had 
been ligated. Another infant with a right aortic arch and ostium primum atrial septal defect was 
shown to have an aberrant left subclavian artery arising from the lower descending aorta. The left 
common carotid artery filled retrogradely and drained into tke pulmonary artery by a left ductus 
arteriosus. This abnormality has not been reported before. 


Many forms of aortic arch abnormalities have been 
described.'? Isolation of a left subclavian artery 
with connection to the pulmonary artery by a ductus 
arteriosus has been reported, but isolation of the 
left innominate artery from a right aortic arch and 
connection to the pulmonary artery by a ductus arte- 
riosus is rare. Isolation of the left common carotid 
artery from a right aortic arch with an aberrant left 
subclavian artery has not been described before. We 
report one case of a right aortic arch with isolation of 
the left innominate artery and bilateral ductus and 
another of isolation of the left common carotid 
artery with an aberrant left subclavian artery. 


Case reports 


PATIENT 1 

The first case was a six week old female infant with 
the CHARGE association (colobomata, choanal 
atresia, retarded growth and development, hearing 
deficit, and micrognathia). She was tachypnoeic 
with full peripheral pulses and a continuous mur- 
mur at the upper sternal edge consistent with a 
ductus arteriosus. Cross sectional echocardiography 
demonstrated a right aortic arch with normal intra- 
cardiac anatomy and a large ductus. After ligation of 
a right ductus a continuous murmur persisted at the 
upper sternal edge. Doppler echocardiography 
revealed persisting turbulence in the main pul- 
Requests for reprints to Dr Alexander W Venables, Department of 
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monary artery. Aortography revealed early filling of 
three major vessels arising from the right aortic arch: 
the right common carotid, the right vertebral, and 
right subclavian arteries. These vessels joined plex- 
uses of vessels in the neck, mediastinum, and right 
and left scapular areas. The left common carotid 
artery was noted filling late from above. Dye passed 








E te SUC "OS. 
Fig] Necropsy specimen of patient 1 with left common 
carotid artery (LCCA) and left subclavian artery (LSA) 
entering the left pulmonary artery ( LPA) via a ductus 
arteriosus. The right common carotid artery ( RCCA ) arises 
from the right aortic arch ( RAA). MPA, main pulmonary 
artery. 
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Fig 2 


from the plexuses into the left subclavian and left 
vertebral artery, which then joined the left common 
carotid artery. The left innominate artery then emp- 
tied into the left pulmonary artery, presumably via a 
left ductus. Dye could be seen spilling into both pul- 
monary arteries. This created a left to right shunt at 
the pulmonary artery level. There was no vascular 
ring. 

Elective implantation of the left innominate artery 
to the ascending aorta was planned to remove the left 
to right shunt and prevent a steal syndrome. The 
infant died suddenly at home at six months of age. 
Necropsy confirmed the described abnormality of 
aortic arch vessels (fig 1) and the normal intracardiac 
structure. The vessels of the right neck and upper 
limb were connected to the left innominate artery by 
the circle of Willis and by collaterals in the neck and 
both scapular areas. The cause of death remained 
uncertain. The heart, brain, and other organs were 
normal. 


(a) Aortogram (right anterior oblique view) of patient 2 shows the left subclavian artery (LSA) arising from th 
lower descending aorta. AA, ascending aorta. (b) Selective angiogram in the left vertebral artery via the aberrant left 
subclavian artery demonstrates late retrograde filling of the left common carotid artery ( LCCA ). Dye passes to the mair 
pulmonary artery (MPA) via a ductus arteriosus (PDA 


PATIENT 2 

A 10 month old female infant with primordial 
dwarfism presented with signs suggestive of a ductus 
arteriosus. Cardiac catheterisation showed an 
ostium primum atrial septal defect with a right aortic 
arch and a late filling and a left sided vessel entering 
the left pulmonary artery from the head and neck 
vessels. At five years of age follow up angiography 
demonstrated the right aortic arch from which arose 
the right common carotid, right subclavian, and ver 
tebral arteries. An aberrant left subclavian artery 
arose from the right lower descending aorta (fig 2a 
Selective injection of the right common carotid, 
right vertebral, and left vertebral artery via the aber 
rant left subclavian artery (fig 2b) showed late retro- 
grade flow into the left common carotid artery, 
which received blood from the circle of Willis, 
vertebro-basilar system, and costocervical col 
laterals. There were no arteriovenous malformations 
in the cranium. Dye passed from the left common 


LPDA 


© 
eN 





Fig3 (a) The hypothetical double arch of Edwards.” 

(b) Interruption of the left arch in zones A and D with 
persistence of the left and right ductus allows development of 
the aortic arch of patient 1. There is a right aortic arch with 
isolation of the left innominate artery and bilateral patent 
ductus. ( c) Distal migration of the left subclavian artery 
beyond the left ductus and concurrent interruption of the left 
arch in zones B and D would explain development of the 
aortic arch of patient 2. There is a right aortic arch with 
isolation of the left common carotid and aberrant left 
subclavian artery. AA, ascending aorta; DA, descending 
aorta; LCCA, left common carotid artery; RCCA, right 
common carotid artery; LSA, left subclavian artery; 

RSA, right subclavian artery; LPDA, left ductus arteriosus; 
RPDA, right ductus arteriosus. 


carotid into the left pulmonary artery by a ductus 
arteriosus, creating a left to right shunt. This vessel 
was selectively outlined by passing a catheter from 
the pulmonary artery through the left ductus. There 
was no right patent ductus and no vascular ring. 

The isolated left common carotid artery was 
ligated. The ostium primum atrial septal defect was 
repaired and a large left superior vena cava draining 
into the upper pole of the left atrium was channelled 
to the right atrium. Postoperative progress was 
uneventful, 


Discussion 


The Edwards’ hypothetical double aortic arch 
explains aortic arch abnormalities by selective 
regression of various parts of either arch! (fig 3a). 
Right aortic arch with isolation of a left innominate 
artery connecting to the left pulmonary artery by a 
left ductus has been described rarely.* > Complete 
separation with regression of the left ductus arte- 
riosus and the late development of a subclavian steal 
syndrome has also been reported. These abnormal- 
ities can be explained by interruption at two sites in 
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the double aortic arch—in the left posterior arch dis- 
tal to the ductus and in the left anterior arch proxi- 
mal to the left common carotid artery. The first 
infant had this abnormality with bilateral ductus 
arteriosus (fig 3b). 

The second abnormality of isolation of the left 
common carotid artery with an aberrant left sub- 
clavian artery has not been described before. An 
explanation based on the Edwards' model is that dis- 
tal migration of the left subclavian artery leading to 
the left ductus that enters the left dorsal aortic root 
just proximal to the origin of the left subclavian 
artery produces concurrent isolation of the left com- 
mon carotid and an aberrant left subclavian artery. 
Interruption could occur in the left anterior arch 
proximal to the left common carotid and distal to the 
left patent ductus but proximal to the left subclavian 
artery and left dorsal aortic root (fig 3c). The vari- 
able proximity of origin of the left subclavian artery 
and ductal area has been noted in other conditions 
such as coarctation of the aorta.? 

Late filling of left neck vessels providing a left to 
right shunt into the pulmonary artery was recog- 
nised fortuitously in both children, who had associ- 
ated non-cardiac abnormalities. In both patients 
elective surgery was planned to prevent a later steal 
syndrome. ê 


We thank Dr D W Boldt, Director of Radiology, 
Royal Children’s Hospital, Victoria, and Dr C W 
Chow, anatomical pathologist, Royal Children’s 
Hospital, Victoria, Australia, for their help. 
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solutions to resuscitation. 
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A case of respiratory sinus arrhythmia and vasovagal 
attacks: use of cosinor analysis for diagnosis and 


for monitoring treatment 


G R PAI, JOHN M RAWLES 


From the Department of Medicine, University of Aberdeen 


SUMMARY An 18 year old girl presented with frequent vasovagal attacks and sinus arrhythmia. 
The amplitude of respiratory sinus arrhythmia assessed by cosinor analysis was 20°; the pre- 
dicted value for a normal girl of this age is 4?; and the 95% confidence interval is O-§ T 
"Treatment with propantheline, in a dose sufficient to reduce the amplitude of sinus arrhythmia 


to normal, abolished her symptoms. 


Increased vagal tone is a recognised cause of syncope 
and near syncope!; it occurs more commonly in 
young people or in trained athletes.? ? The diagnosis 
of this condition usually rests on the clinical 
presentation together with evidence of vagotonia on 
the electrocardiogram, and it depends on electro- 
physiological studies for confirmation.* > We report 
a patient in whom vagal tone was increased and in 
whom the diagnosis was made by quantifying the 
amplitude of respiratory sinus arrhythmia on a 
three minute electrocardiogram by means of cosinor 
analysis by microcomputer. 


Patient and methods 


ELECTROCARDIOGRAM RECORDING 

In order to minimise voluntary hyperventilation, the 
subject was not told that her respiration was to be 
observed. A three minute electrocardiogram was 
recorded at a paper speed of 50 mm/s from standard 
lead I with the patient supine during normal sponta- 
neous respiration. Movement of the chest was ob- 
served throughout the recording and the event 
marker was pressed in the pause at the end of each 
expiration. 

We measured the P-P intervals and their relation 
to end expiratory points using a digitising pad and 
microcomputer with a resolution of 0:1 mm; the 
results were stored on disc. 


No reprints will be available. 
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COSINOR ANALYSIS 

Cosinor analysis was used to demonstrate the respi- 
ratory variation of heart rate. The best fit of a cosine 
function curve to the cyclical variation of P-P inter- 
vals was found by multiple regression analysis. The 
duration of each respiratory cycle was taken as 3607, 
with both 0 and 360 signifying end expiratory points. 
The timing of each P wave in the respiratory cycle in 
which it occurred was expressed as an angular mea- 
sure (t). The duration of the associated P-P interval 
was expressed as a percentage of the mean P-P inter- 
val for the whole three minute sequence and this was 
regressed against cos(t) and sin(t) to give the ampli- 
tude, phase angle, and statistical significance of 
respiratory variation of the P-P interval, forced into 
the form of a cosine function curve. Cosinor analysis 
was described by Halberg ez a/? and its application to 
electrocardiogram intervals will be reported by Pai er 
al.’ 


Example 


An 18 year old student radiographer presented in 
March 1985 with a five month history of blackouts 
which had latterly been occurring three or four times 
a day. They invariably occurred when she was stand- 
ing, and from her description there was no reason to 
think that the blackouts were other than vasovagal 
attacks, but their frequent occurrence was incon- 
venient. There were no other symptoms and no pre- 
vious medical complaints. 

The pulse rate was 60 beats per minute and irreg- 
ular; blood pressure was 100/60 mm Hg with no pos- 
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(months) 
Figure Amplitude of respiratory sinus arrhythmia (RSA) 
assessed by cosinor analysis in a patient aged 18 with 
vagotonia. The hatched area represents the 95%, confidence 
interval for a normal subject of this age. 


tural drop. Physical examination was otherwise 
normal, and carotid sinus massage did not provoke 
symptoms or cause undue bradycardia. The electro- 
cardiogram was normal but Holter monitoring 
showed pronounced sinus arrhythmia, intermittent 
first degree heart block, and one episode of Wen- 
ckebach phenomenon. 

In July 1985 cosinor analysis of a three minute 
electrocardiogram recorded during spontaneous 
respiration showed respiratory sinus arrhythmia 
with an amplitude of 20-1", well outside the normal 
range. At age 18 the predicted normal value is 43%, 
with a 95°, confidence interval of 0-4—8:39,.7 

Propantheline 15 mg three times a day rapidly re- 
lieved the symptoms and reduced the amplitude of 
sinus arrhythmia, which in August 1985 was 2% 
(figure). In October 1985 vasovagal attacks recurred 
and the amplitude of respiratory sinus arrhythmia 
was again excessively high (15°). Her symptoms 
responded to an increase in the dose of propantheline 
to 30 mg three times a day. The amplitude of sinus 
arrhythmia immediately fell to 8%, and there was a 
further fall to 3°,, over the next three months. In 
May 1986 she complained about the number of tab- 
lets she was taking and an attempt was made to re- 
duce the dosage. She had attacks of near syncope and 
the amplitude of sinus arrhythmia increased to 23% . 
The daily dosage of propantheline was increased 
again to 90 mg with relief of symptoms and a reduc- 
tion in the amplitude of sinus arrhythmia to a normal 
value of 4?,. Throughout the 10 month period of 
treatment with propantheline she had a dry mouth 
and eye discomfort in bright sunshine, but she 
preferred these side effects to frequent vasovagal 
attacks. 
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Discussion 


Respiratory sinus arrhythmia is mediated reflexly. 
Because the cardiac vagus nerves are the efferent arm 
of this reflex sinus arrhythmia is an index of vagal 
cardiac outflew® and increased vagal tone might be 
expected to exaggerate sinus arrhythmia. Although 
there is no mention of sinus arrhythmia in recent 
papers on vagotonia in which diagnosis was by elec- 
trophysiological study,*? some older textbooks 
mention the association of sinus arrhythmia, dizzy 
spells, and fa:ntness.? Electrophysiological study has 
a low yield of abnormal findings in patients with 
unexplained syncope when the electrocardiogram is 
reported to be normal, but respiratory sinus 
arrhythmia is a normal finding at all ages and an 
abnormally increased amplitude could be easily 
overlooked. 

Electrophysiological studies in 10 patients with 
vagotonia by Benditt er a/ showed that intravenous 
and oral theophylline had positive chronotropic and 
dromotropic effects.* An oral preparation was toler- 
ated by eigh: of their patients and suppressed symp- 
toms in six during a follow up of from five to 24 
months. McLaran er al described 12 patients with 
symptoms similar to our patient. The diagnosis of 
vagotonia was made by an electrophysiological study 
in these 12 patients." They were treated with pro- 
pantheline, which was beneficial in nine cases; the 
average per:od of follow up was 23 months. 

In our patient the symptoms and Holter monitor 
findings were highly suggestive of increased vagal 
tone and the finding of exaggerated respiratory 
sinus arrhythmia also supported this diagnosis. The 
diagnosis was confirmed by the patient's response to 
propantheline. This relieved symptoms and reduced 
the amplitude of respiratory sinus arrhythmia to 
normal. 

Measurement of the amplitude of respiratory 
sinus arrhythmia from a three minute electro- 
cardiogram is not only helpful in making a positive 
diagnosis cf vagotonia, but also in monitoring the 
efficacy of treatment. It is non-invasive, may be re- 
peated as often as required, and is quicker and more 
simple than electrophysiological study. 


We thank Mrs Joy McKnight for invaluable tech- 
nical assistance. She is supported by a research grant 
from Grampian Health Board. 
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Case report 





Long term survival and late repair of massive cardiac 


pseudoaneurysm 


YOAV TURGEMAN,* TIBERIO ROSENFELD,* DAVID A HALON 
From the Departments of Cardiology, *Central Emeq Hospital, Afula, and Lady Davis Carmel Hospital, 


Haifa, Israel 


SUMMARY Myocardial rupture of the left ventricle after an acute myocardial infarction resulted 
in the formation of a massive pseudoaneurysm in a middle aged man. Cross sectional echo- 
cardiography was useful in identifying the defect which was successfully closed at operation nine 


years after its formation. 


Rupture of the left ventricular free wall during acute 
myocardial infarction usually leads to haemo- 
pericardium, cardiac tamponade, and sudden 
death.! Long term survival without early surgical 
intervention is rare,” but in some patients the rup- 
ture leads to the formation of a pseudoaneurysm. We 
report a patient who survived for an unusually long 
time after myocardial rupture and the formation of a 
massive pseudoaneurysm. 


Case report 


A 56 year old man presented with advanced con- 
gestive heart failure and recurrent pulmonary 
oedema. Nine years before he was admitted to hospi- 
tal with acute transmural myocardial infarction. The 
electrocardiogram showed that the lateral wall was 
the site of infarction. The chest x ray on admission 
showed a normal sized heart with mild pulmonary 
congestion. One week later the patient suffered 
repeated episodes of chest discomfort followed by 
sudden circulatory collapse, extreme cyanosis, and 
paroxysmal atrial fibrillation. Recurrent pulmonary 
embolism was diagnosed and he was treated by 
intravenous fluids and heparin. The chest x ray 
showed progressive cardiac enlargement but there 
were no new electrocardiographic changes or an 
increase in cardiac enzyme activity. In the next nine 
years progressive heart failure developed which was 
characterised by recurrent episodes of pulmonary 
oedema. At admission physical examination showed 
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a blood pressure of 110/60mmHg and atrial 
fibrillation with a ventricular response of 80-90 
beats/min. The jugular venous pressure was 
elevated to 20 cm above the sternal angle and showed 
a prominent V wave. There were signs of pulmonary 
hypertension and severe right heart failure with 
prominent ascites and anasarca. In addition, coarse 
rales were heard cver both lungs. Examination of the 
heart revealed a dyskinetic apex that was displaced 
to the anterior axilliary line, an apical pansystolic 
murmur grade 3/6 radiating to the axilla, and a third 
heart sound. A continuous to and fro murmur was 
present in the left midaxillary line in the third and 
fourth intercostal space. The electrocardiogram 
showed atrial fibrillation, left axis deviation, and 
signs of old lateral myocardial infarction (fig 1). The 
chest x ray showed a considerably enlarged heart 
(cardiothoracic ratio of 0-65) and pulmonary venous 
hypertension. Fluoroscopy showed mild pericardial 
calcification along the left lateral cardiac border. 

Echocardiography revealed a very large multi- 
loculated pseudoaneurysm of the left ventricle com- 
municating with the left ventricular cavity through a 
defect in the basal lateral myocardial wall (fig 2). The 
ventricle itself was moderately enlarged and there 
was reduced global contractility. There were no pri- 
mary valve abnormalities. 

At cardiac catheterisation the mean right atrial 
pressure was 12mm Hg (1-6kPa), right ventricle 
50/6-14 mm Hg (6:7/0-8-1-9 kPa), pulmonary artery 
50/20 mm Hg (6 7/2-7 kPa), and the wedge pressure 
was 26 mm Hg (3:5 kPa) with a V wave of 40mm Hg 
(5-3kPa). The forward cardiac index was low 
(1-6 l/min/m?). Selective coronary angiography 
demonstrated total occlusion of the left circumflex 
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Survival with massive pseudoaneurysm 
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Figl Electrocardiogram at admission. There are small q 


waves and loss of R waves in the lateral leads, indicating 
lateral wall infarction. 


artery and a 60",, narrowing of the proximal left 
anterior descending artery with no other important 
coronary disease. Left ventriculography showed 
large volumes of dye passing from the left ventricle 
into the pseudoaneurysm. 

At operation a multiloculated pseudoaneurysm 
with numerous adhesions was found. The location 
of the myocardial rupture on the posterolateral 
aspect of the left ventricular free wall close to the 
posterior papillary muscle confirmed the echo- 
cardiographic appearance. The mitral valve itself 
was not directly affected by the pathological process. 
At operation the perforation was covered with a 
Teflon patch and after a rather long convalescence 









Fig2 Cross sectional echocardiogram (apical four chamber 
view). There is a large multiloculated pseudoaneurysm 
(PAN) which extends around the anterolateral wall of thi 
left ventricle to tts apex. The neck of the pseudoaneurysm 
communicates with the left ventricular cavity (LV 
the discontinuity in the basal anterolateral wall. RA, right 
atrium; LA, left atrium. 


through 


the patient returned to daily activity and a sedentary 
occupation. Three months after operation he was 
limited only by particularly strenuous activity (New 
York Heart Association functional class II). 


Discussion 


Free wall rupture is believed to occur in 0:5-3-1",, of 
patients after acute myocardial infarction.’ Myo 
cardial rupture usually causes sudden death; the for 
mation of a false aneurysm is quite rare.* Without 
early surgical intervention long term survival of 
patients with myocardial rupture is rare? * and most 
reports emphasise the need for very early recog 
nition of this complication and immediate vigorous 
treatment. Pseudoaneurysm formation, while tem 
porarily limiting the course of myocardial rupture, 
itself produces important haemodynamic com 
plications, including a low cardiac output due to 
regurgitation of blood into the pseudoaneurysm 
(analogous to true cardiac aneurysms). In addition, 
true or functional incompetence may occur after 
malfunction of the mitral valve apparatus, and in 
patients with very large pseudoaneurysms the extra 
volume contained within the pericardium may add 
an element of compression which can simulate car 
diac tamponade. Moreover, since the wall of the 
pseudoaneurysm is composed of clot, connective tis 
sue, and fibrosis, this tissue may not contain the rup 
ture permanently and it is common for recurrent 
leakage and sealing off of a pseudoaneurysm to pro 
duce the multiloculations—as were found in this 
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patient. Uncontrolled leakage causes death. 

To our knowledge this report is the first to 
describe a patient who survived myocardial rupture 
for nine years before surgical closure of the defect 
was performed. In this patient pseudoaneurysm for- 
mation was remarkedly advanced and there was 
gross cardiac disability. The formation of smaller 
pseudoaneurysms may be more common than is 
generally appreciated. Wider use of echo- 
cardiography in patients after myocardial infarction 
may increase the recognition of these defects. The 
echocardiogram is a useful method of making the 
diagnosis of pseudoaneurysm and in distinguishing 
pseudoaneurysm from true ventricular aneurysm.? 
The diagnosis of ventricular pseudoaneurysm 
should be borne in mind in patients who have 
unusual physical signs, unusual cardiomegaly, or 
disproportionate cardiac failure after myocardial 
infarction. 


Turgeman, Rosenfeld, Halon 
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Proceedings of the British Cardiac Society 


At the 66TH ANNUAL GENERAL MEETING of the British 
Cardiac Society held in Dundee at Ninewells Hospi- 
tal, on Wednesday and Thursday, 8 and 9 April 
1987, E Sowton succeeded D G Julian as President 
and the following members were elected to Council: 
A Henderson, I Hutton, A S Hunter, on the retire- 
ment of C P Aber, M J Godman, and M Stephens. 


The President asked the Society to rise in memory 
of the following members who died during the 
previous year: K Shirley-Smith, D Pickering, 
H Neufeld, A W W B Woods, and A G W Whitfield. 


New members joining the Society were as follows: T 
Aherne (Cork); G Angelini (Cardiff); D B Barnett 
(Leicester; P Bloomfield (Edinburgh); W Brawn 
(Australia); J L Caplin (Southampton); J F Cleland 
(London); A B Davies (Penarth); B M Fabri (Liver- 
pool); R K Firmin (Leicester); J L Gibbs (Bram- 
ham); H H Gray (Kingston upon Thames); H M 
Husaini (Stockport); B S Jenkins (London); A 
Lahiri (Harrow); B Lewis (London); D P Lipkin 
(Harrow); H G Love (Altrincham); D P Nicholls (N 
Ireland); A D C Norris (Faversham); R J Northcote 
(Glasgow); C R Nyman (Boston); T H Pringle 
(Belfast); A C Rankin (Glasgow); D B Rowlands 
(Wirral); A Rozkovec (Bristol); J H Silas (Wirral); P 
L C Smith (London); N C Taylor (Dyfed); S R 
Underwood (London); J M Walker (Oxford). 


An announcement was made of the importance of 
the social programme for the Society's Jubilee meet- 
ing to be held at Wembley on the 24 to 26 November 
1987. There will be plenary sessions on Great Bri- 
tish Cardiologists of the Past and Cardiology for the 
Future. 


During the meeting the scientific sessions were held 
under the chairmanship of H Watson and D Emslie- 
Smith and the following are abstracts of the papers 
that were presented. 


Balloon aortic valvuloplasty: high frequency 
of early recurrence of aortic stenosis 


M Dancy, D Redwood, C W Pumphrey, D E Ward 
Cardiology Department, St George's Hospital, 
London 


Eight patients aged 68 to 89 underwent nine balloon 
aortic valvuloplasty procedures, three from the bra- 
chial and the remainder from the femoral route. Bal- 
loon sizes ranged from 1-2 cm to 2-1 cm triple lumen 
and two patients had the double balloon technique. 
A significant ( > 30°) fall in peak to peak aortic valve 
gradient was recorded immediately after eight pro- 
cedures. The calculated aortic valve area (thermo- 
dilution cardiac output) increased in five out of six 
patients. Doppler estimates of aortic valve gradients 
were made before and one to two days after the pro- 
cedure and showed significant improvement 
(> 30?,) in only one patient. This patient was the 
only one to show sustained symptomatic benefit. 
Another had relief of angina for two days. One 
patient had a small stroke two hours after the pro- 
cedure. Five patients subsequently had aortic valve 
replacement. Three valves were bicuspid and two 
were tricuspid. No evidence of valve disruption was 
apparent at operation. In two patients the epicardial 
surface of the left ventricle was bruised: in one bruis- 
ing on the anterior surface was associated with a large 
pericardial haematoma and in the other the bruise 
was at the apex. In the patient who had suffered the 
stroke there was thrombus at the apex of the left 
ventricle. Operation was complicated by anterior 
myocardial infarction in one patient and a major 
stroke in another. 

We conclude that balloon aortic valvuloplasty is a 
relatively safe procedure but that it may produce 
only temporary deformation of the aortic valve 
orifice which quickly returns to its original shape. 
Improvement in haemodynamic function during the 
procedure does not imply lasting benefit. 


Valvuloplasty for mitral stenosis in middle 
aged and elderly patients 


T R D Shaw, P Bloomfield, C M Turnbull, 
A D Flapan 

Department of Cardiology, Western General 
Hospital, Edinburgh 


Percutaneous transvenous balloon dilatation of 
mitral valve stenosis was attempted in eight patients 
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aged 38-74 (mean 67). In one patient with giant left 
atrium (dimension 14 cm) the balloon catheter could 
not be made to cross the septum: in seven patients 
balloon dilatation was carried out with a single 25 
mm balloon in two, a 25 mm trefoil balloon in four, 
and double balloons in one. The major technical 
difficulty was that of achieving the optimal position 
of the balloon at the mitral valve orifice. Cross 
sectional echocardiography proved useful for posi- 
tioning 3 cm length balloons, particularly in patients 
with a dilated left ventricle. In four patients it was 
necessary to advance the guide wire to the 
descending aorta to provide stability for the balloon 
to turn within the enlarged left atrium. In two symp- 
tomatic patients with moderate mitral stenosis there 
was only a very small reduction in resting gradient. 
In four patients with more severe stenosis the imme- 
diate reduction in gradient was from 12:4 to 6-4 
mm Hg. Preliminary results suggest that the 
improvement in gradient and valve area was main- 
tained at repeat catheterisation 2-4 months later. 
When positioned at the mitral orifice, balloon 
dilatation caused a considerable drop in aortic pres- 
sure and a slight rise in pulmonary artery pressure, 
but only one patient developed brief syncope. The 
trefoil shaped balloon did not prevent a considerable 
drop in systolic pressure and had the disadvantage of 
tending to kink, sometimes thereby preventing full 
deflation. Mitral valvuloplasty is an effective alterna- 
tive to surgical valvotomy even in older patients. 


Residual stenosis after percutaneous trans- 
luminal coronary angioplasty and its effects on 
left ventricular function: evidence for delayed 
healing at angioplasty site 


Y C Najm, A D Timmis, M N Maisey, L Manuel Y 
Pinies, A Salinas, P V L Curry, E Sowton 
Cardiac and Nuclear Medicine Departments, Guy's 
Hospital, London and Dept. Patologia General, 
Universidad del Pais Vasco, Bilbao, Spain 


Percutaneous transluminal coronary angioplasty 
(PTCA) provides effective symptomatic relief in 
selected patients with angina. Nevertheless, the 
effects of the procedure on left ventricular function 
are not well defined. We prospectively studied 86 
patients with single vessel coronary artery disease 
treated by PTCA. Thallium-201 perfusion scin- 
tigraphy and technetium-99™ left ventriculography 
were used to evaluate myocardial ischaemia and left 
ventricular ejection fraction (EF), respectively. 
Imaging was performed before and 3-6 (2:2) months 
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after PTCA. Before PTCA, reversible myocardial 
ischaemia was present in every case and stress pro- 
duced dilatation of the left ventricule with a fall in 
EF from a mean of 64 (6) % to 56 (7) % (p < 0-001). 
After PTCA residual coronary stenosis was x 209, 
in 78 patients (group 1) and 20 to 50°, in eight 
patients (group 2). Symptomatic relief and cor- 
rection of reversible myocardial ischaemia were sim- 
ilar in both groups but group 2 showed persistent 
stress-induced left ventricular dilatation with a fall 
in EF from 65 (6) *;, to 56(5)°,,. In group 1 the left 
ventricular EF response to stress tended to nor- 
malise (63°, to 67?,, p < 0-001) although 30%, of 
the group studied very early (< 6 weeks) after PTCA 
showed residua! decompensation (61(9)?, to 
52(9) ",). In this subgroup repeat studies three 
months later, however, showed complete correction 
of left ventricular function: resting EF 6695, 69°) 
with stress, and no increase in end diastolic volume. 

These date indicate that: (a) a residual stenosis of 
<50°,, after PTCA is associated with a good symp- 
tomatic response but detectable left ventricular dys- 
function often persists unless the residual stenosis is 
x: 205,5 (b) the healing process at the PTCA site may 
delay functional improvement for up to three 
months. 


Inferior ST segment depression during left 
anterior descending coronary angioplasty: 
inferior ischaemia or “reciprocal” change? 


M S Norell, J P Lyons, J Gardener, C Layton, 
R Balcon 
London Chest Hospital, London 


During left anterior descending (LAD) coronary 
angioplasty inferior ST segment depression fre- 
quently occurs in association with anterior ST 
elevation. It is unclear whether such changes are 
"reciprocal or indicate additional inferior 
ischaemia. Therefore, intravenous digital sub- 
traction left ventriculography was performed before 
and during balloon inflation to assess ischaemia in 16 
patients with single vessel coronary disease under- 
going elective LAD angioplasty. A twelve lead elec- 
trocardiogram was recorded throughout. During 
balloon inflation eight patients (group 1) developed 
inferior ST segment depression (mean 2 mm, range 
1-3 mm) associated with anterior ST segment 
elevation (mean 5 mm, range 2-9 mm). The remain- 
ing eight patients (group 2) developed either anterior 
ST segment elevation alone (three patients) or had 
no ST alteration in any lead. Left ventricular (LV) 
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ejection fraction fell during balloon inflation in both 
groups (group 1, 76% to 48%; p « 0-001 and group 
2, 73% to 57%; p < 0-001), this reduction being 
greater in group 1 (p « 0-01). Regional shortening of 
the anteroapical L'V segment also fell in both groups 
(group 1, 42% to 12%; p < 0-001 and group 2, 42% 
to 1995; p « 0-001). In contrast, regional shortening 
of the inferobasal LV segment did not change in 
either group (group 1, 30% to 37%; NS and group 
2, 28% to 3895; NS), nor was there a difference 
between groups. 

Inferior ST segment depression during LAD 
angioplasty, although associated with a more pro- 
nounced reduction in global LV performance, was 
not accompanied by a deterioration in inferobasal 
LV contraction. Thus such electrocardiographic 
change represents a reciprocal phenomenon rather 
than the presence of additional inferior ischaemia. 


Pulsed Doppler ultrasound in the diagnosis of 
post-infarction ventricular septal defect 


M G Cheesman, R John, N Murray, J Thomas, 

V J Redding 

Regional Cardiac Centre, Groby Road Hospital, 
Leicester 


Eleven patients with loud systolic murmurs that 
developed during the course of acute myocardial 
infarction were referred to the Regional Cardiac 
Centre. Ten had ventricular septal defects (VSDs) 
and one had torrential mitral regurgitation. The site 
of the infarct was anterior in seven and inferior in 
four. In all but one it was the first infarction. Mean 
time to transfer was 6:7 days and many patients were 
in a poor condition on arrival. Cross sectional echo- 
cardiography alone demonstrated the VSD in all 
three patients with inferior infarctions, but in only 
three of the seven with anterior infarcts, because the 
septum bulged into the right ventricle (RV). Pulsed 
Doppler ultrasound, however, demonstrated high 
velocity turbulence in the RV in all ten patients, and 
accurately identified the site of the defect in eight. 
Continuous wave Doppler identified severe mitral 
regurgitation in the remaining patient. Four patients 
were sent for operation on the basis of cross sectional 
and Doppler imaging alone but one died before oper- 
ation. Seven patients were catheterised; single vessel 
disease was found in five of them, and only one graft 
was placed at operation. One patient in whom the 
operation was initially successful became breathless 
three months later and a loud murmur was heard. 
Doppler ultrasound confirmed patch dehiscence, 
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despite essentially unchanged echocardiographic 
images, and correctly estimated RV pressure. 

If good echocardiographic images and Doppler 
signals can be obtained, cardiac catheterisation is of 
doubtful additional benefit in these patients. 


Analysis of early markers of myocardial 
infarction 


M Ohman, Catherine Casey, W Tormey, J Horgan 
Department of Cardiology, St Laurence’s Hospital, 
Dublin, Ireland 


The use of intravenous thrombolysis requires early 
and accurate diagnosis of myocardial infarction 
(MI). This 1s usually based on clinical assessment 
and ECG criteria. Serum myoglobin rises in the 
early phase of MI and may therefore offer additional 
information. We evaluated 68 patients with 
significant chest pain 1 hour (mean 6), who presented 
to the coronary care unit (CCU) within 24 hours of 
onset of symptoms. A 12 lead ECG was obtained and 
serum myoglobin, creatine kinase (CK), and CK- 
MB were measured within an hour. MI was 
confirmed in 65% of patients by use of the WHO 
criteria during the first 48 hours. The admission 
ECG was classified as ST elevation (group I), any 
ECG abnormality (ID, and normal (III). Sixty one 
per cent of the MI patients were in group I, 32% in 
group II, and 7% in group III. Corresponding val- 
ues in the non-MI group were 13%, 71%, and 17% 
respectively. Mean (SD) total CK and CK-MB 
activities (144(187) IU/l and 17(24) IU/l 
respectively) in the MI group were significantly 
higher than those in the non-MI group 
(49 (37) (p < 0-02) and 6 (4) (p < 0-05) respectively). 
Serum myoglobin was also higher in the MI group 
(188 (139) ug/l) than in the non-MI group (46 (49) 
ug/l (p < 0-001). There was a good correlation 
between a radioimmunoassay and a rapid latex 
agglutination test (p < 0-001) that gave a result 
within 10 minutes for serum myoglobin. By stepwise 
analysis of the ECG and myoglobin, using group I 
alone, and group II and III ECG with an abnormal 
myoglobin (> 90pg/l) we could identify 82% of 
patients who would develop a MI on follow up with 
17% false positives. 

These data suggest that analysis of ECG and 
serum myoglobin (measured by a rapid latex kit) as 
early markers of MI could identify the majority of 
patients who develop MI within an hour of admis- 
sion to a CCU. This simple and fast stepwise analysis 
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would be useful in idenufying patients for intra- 
venous thrombolytic treatment. 


B blockers and the hypokalaemia associated 
with acute chest pain 


C Wong, E Simpson, C Robertson, J C Rodger 

Departments of Medicine and Biochemistry, Monk- 
lands District General Hospital, Airdrie and 
Department of Mathematics, Strathclyde University 


Plasma potassium was measured on admission in 
1234 patients who presented with acute ischaemic 
chest pain. 195 of the patients were on p blockers 
before admission. Comparison of the potassium con- 
centrations of patients admitted early (within 4 hours 
of onset of symptoms) with those admitted later (4 to 
18 hours) showed that in patients not pretreated with 
B blockers there was a transient fall in plasma potas- 
sium (difference in group mean 0-13 mmol/l, 
p<0-001). This produced an early transient 
increase in the occurrence of hypokalaemia 
(difference in group mean 11%, p < 0-01). Neither 
the fall in potassıum nor the increase in hypo- 
kalaemia was seen in patients who had been on f 
blockers before admission. Further, when only 
patients admitted within 4 hours of onset of symp- 
toms were considered, pretreatment with B blockers 
was shown to be associated with a higher mean 
plasma potassium (difference in group mean 0:14 
mmol/l, p < 0-01) and a lower frequency of hypo- 
kalaemia (difference in group mean 16%, p < 0 01) 
than those on no drug treatment. Non-selective p 
blockers were found to be more effective than cardio- 
selective agents in maintaming plasma potassium 
concentrations. 

These findings suggest a mechanism for the 
beneficial effects of B blockers on morbidity and 
mortality in acute myocardial infarction. 


Exertional ventricular tachycardia and myo- 
cardial ischaemia after coronary artery 
surgery 


CE Handler, N Hamouratidis, A Pipilis, E Sowton, 
P Deverall, A Yates 
Guy’s Hospital, London 


Coronary artery bypass grafting (CABG) improves 
angina but its effect on exercise induced ventricular 
arrhythmias is unclear. We examined this issue in 54 
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male patients who underwent symptom limited 
treadmill exercise testing one day before and 10 days, 
one month, and six months after CABG. Exercise 
haemodynamic function and tolerance increased 
progressively after CABG. Values at six months 
were: maximal heart rate 118 to 151 beats/minute 
(p < 0-001); rate-pressure product 16:6 to 27:0 x 
1000 (p < 0-001); and exercise duration 11-9 to 165 
minutes (p < 00001). The frequency of angina 
(67% to 2% (p < 0:001)) and ST segment depres- 
sion (71% to 20% (p < 0:001)) both decreased 
significantly early after CABG, but in 11 patients ST 
segment depression developed at six months. The 
frequency of ventricular arrhythmuas recorded at 
rest, during exercise, and after exercise increased 
significantly after CABG; 85% of the patients had an 
exertional ventricular arrhythmia at one month. The 
occurrence of complex ventricular arrhythmias (cou- 
plets or ventricular tachycardia) also increased post- 
operatively; 18 patients had unsustained exertional 
ventricular tachycardia at one month. The occur- 
rence of ventricular arrhythmias appeared unrelated 
to previous myocardial infarction, the extent of coro- 
nary artery disease, or the number of grafts inserted. 

We conclude that although CABG improves myo- 
cardial ischaemia and exercise tolerance, serious ven- 
tricular arrhythmia appears to be more common 
after CABG and unrelated to myocardial ischaemia. 
'This observation may partly explain the reported 
improvement in symptoms but largely unchanged 
prognosis ın certain groups of patients after CABG. 


Long term clinical follow up of patients after 
coronary surgery and assessment of the 
benefits of postoperative aspirin and 
dipyridamole 


A H Gershlick, R Balcon 
'The London Chest Hospital, London 


A trial of aspirin and dipyridamole (Persantin) after 
coronary bypass grafting was undertaken between 
1978 and 1982. The 320 patients entered have now 
been further assessed a mean of 6-6 years after oper- 
ation. Those in the active group took aspirin (300 mg 
three times a day) and dipyridamole (75 mg three 
times a day) for a mean 25 months. There were 33 
deaths during the follow up and 25 (7:895) were due 
to cardiac causes. Fifteen of the 25 cardiac deaths 
occurred in patients with abnormal preoperative 
ventriculograms. Thirteen cardiac deaths occurred 
1n the active group and 12 in the placebo group. Five 
patients refused follow up. Of the 282 patients thus 
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available for review, 250 attended as outpatients and 
were assessed with a detailed questionnaire and exer- 
cise stress test. One hundred and twenty two had 
been given active treatment and 128 had been given 
placebo. Ninety four of the 250 patients complained 
of angina (49 active, 45 placebo), which had devel- 
oped a mean 21 months after operation, and 52 of 
these (28 active, 24 placebo) had abnormal exercise 
tests. Sixteen patients (6 active, 10 placebo (NS)) 
required repeat angiography for recurrent symp- 
toms. Eight of the 12 patients (4 active, 8 placebo 
(NS)) who have had a further operation continue to 
be symptomatic. Of the nine patients who sustained 
myocardial infarction during follow up, seven were 
in the active group. Only nine of the 23 patients with 
properative hyperlipidaemia and 23 of 66 post- 
operative smokers were among the 94 patients with 
recurrence of symptoms. Thus 6:6 years after vein 
grafting 156 (62-495) of 250 patients were symptom 
free and 104 (41 694) were in full time work. 

Administration of aspirin and dipyridamole for a 
mean 25 months after coronary bypass grafting does 
not confer long term clinical benefit. 


Neuropsychological sequelae of bypass twelve 
months after coronary artery surgery 


G Venn, L Klinger, P Smith, M Harrison, 
S P Newman, T Treasure 
Middlesex Hospital and Medical School, London 


We have reported to the society the short term (8 
week) cerebral consequences of coronary artery 
bypass surgery (CABS) compared with a group 
undergoing major vascular surgery. We have now 
completed one year assessments on a cohort of 66 
CABS patients previously evaluated before oper- 
ation and eight days and eight weeks after operation. 
Ten tests, designed to be sensitive to minor diffuse 
cortical impairment, were administered on each of 
these occasions. Neuropsychological deficit was con- 
sidered to be present when the postoperative per- 
formance showed a deterioration by at least one stan- 
dard deviation (SD) from the patient's preoperative 
measure in two or more tests. Seventy three per cent 
(70% confidence interval, 66%-79%) showed a 
deficit at eight days, improving to 38% (70% 
confidence interval, 31%—45%). There was no fur- 
ther improvement at 12 months when 35% (70% 
confidence interval, 28%-42%) still showed 
impairment.  Neuropsychological deficit was 
strongly associated with age (mean (SD) 59 (6-6) vs 
53 (7 8) years; Mann-Whitney U = 697, p < 0-01), 
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longer bypass time (94 (22) vs 83 (27) min; U = 623, 
p < 0-05), and with operation time (263(58) vs 
236 (61) min; U = 644 5, p « 0:05). 

These findings indicate that the cortical effects of 
CABS are related to the magnitude of surgery and 
the age of the patient and persist for at least 12 
months after operation. 


Determinants of patient status ten years after 
coronary bypass grafting for angina 


J Al Khatib, A G Mitchell, M H Yacoub 
Harefield Hospital, Harefield, Middlesex 


Between October 1969 and December 1975, 428 
patients underwent 1solated coronary artery bypass 
grafting (CABG) for angina at Harefield Hospital. 
Thirty six patients were lost to follow up, leaving 392 
(92%) for follow up over a minimum period of 10 
years (mean 11 5 years). Perioperative mortality was 
3-6% and reoperation before 10 years was performed 
in 15 (3-895) patients. Five and 10 year survival rates 
were 85% and 67% respectively with an annual mor- 
tality rate of 2:5% for the first five years and 3-0% 
between five and 10 years. We studied the influence 
of the patient's age, sex, coronary risk factors, pre- 
vious infarction, coronary anatomy, left ventricular 
function, use of internal mammary artery graft, 
endarterectomy, perioperative infarction, and graft 
patency at one and five years after operation on the 
survival at ten years. Late survival was reduced by 
age >60, hypertension, multivessel disease, and 
impaired left ventricular function, and improved by 
full graft patency and possibly by use of an internal 
mammary artery graft. Of the 273 survivors at 10 
years, 100 (3895) were symptom free without a car- 
diovascular event (that is myocardial infarction or 
reoperation). One hundred and twenty (46%) had 
varying degrees of angina, 59 (22%) had clinical evi- 
dence of heart failure, and 31 (11-895) had late myo- 
cardial infarction. Of the possible determinants of 
symptomatic status studied, hypertension increased 
the incidence of angina, and poor left ventricular 
function increased the incidence of heart failure. Full 
graft patency increased the proportion of symptom 
free survivors. 

Itis hoped that these data will be useful in predict- 
ing and optimising late results of CABG. 


Functional assessment of internal mammary 
artery grafts 


Ann C Tweddel, W Martin, I McGhie, 
J € S Pollock, I Hutton 
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Departments of Medical Cardiology and Cardiac 
Surgery, Royal Infirmary, Glasgow 


Internal mammary artery grafts to the left anterior 
descending coronary artery have been shown to have 
favourable patency rates, but the -ability .of these 
grafts to respond to stress is less clear. A group of 15 
symptom free patients with patent internal mam- 
mary artery grafts at a mean of two years were 
1nvestigated. Regional myocardial nutrient flow was 
assessed from the clearance of xenon-133 by a 
gamma camera fitted with a specially designed high 
sensitivity biplane collimator, which allowed simul- 
taneous acquisition of 30° and 70? left anterior 
oblique projections. After direct injection into the 
graft, left ventricular flow was measured at rest, dur- 
ing atrial pacing at 100 beats/minute, and during 
atrial pacing at a rate similar to that during maximal 
exercise (mean 124 beats/minute). In six patients the 
diameter of the grafted vessel was smaller than the 
internal mammary artery graft and in these patients 
mean resting myocardial flow was 45-7 (5-0) 
ml/100 g/min, falling with atrial pacing at 100 
Deats/minute to 36-9 (6-4) ml/100 g/min (p < 0 05) 
and falling further to 31-2 (6:2) ml/100 g/min 
(p < 0-02) at the higher pacing rate. In nine patients 
the diameter of the grafted vessel was similar or 
larger than that of the graft. Mean resting flow was 
52:8 (3-9) ml/100 g/min and was maintained with 
pacing at 100 beats/minute (53-3 (8-7) ml/100 g/min 
<NS)), and increased on pacing at 124 beats/minute 
to 58:5.(5:8) ml/100 g/min -(p.< 0-05). 

These results suggest that despite the favourable 
angiographic appearance the capacity of an internal 
Mammary artery graft to respond to stress 1s 
dependent on the interface of the implant to the 
grafted vessel. 


Low energy level internal defibrillation during 
rardiopulmonary bypass 


W B Pugsley, T Baldwin, T Treasure, 
M F Sturridge 
The Maddlesex Hospital, London 


High energy electrical shocks damage the myo- 
zardium. Nevertheless, it is still common practice to 
use 20-30 J shocks to defibrillate hearts during car- 
diopulmonary bypass: some defibrillators cannot be 
zet to deliver less than 10 J. We have modified a 
standard Albury Lifeguard Defibrillator to deliver 
energy in small increments starting at 1 J and pro- 
ceeding to 2, 4, 6, 8, 9, 12, 15, 20, and 30 J. During 
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the period 1983-85, 168 patients (118 M and 50 F; 
median age 53, range 4—77) required defibrillation on 
cardiopulmonary bypass. They were successfully 
defibrillated with the modified defibrillator. Eighty 
eight (52:394) patients underwent coronary artery 
grafting; 59, (35:195) had valves replaced (22 aortic, 
33 mitral, and 4 double valves); and 12 of the remain- 
ing 21 patients had correction of congenital defects. 

Seventy eight (46%) patients were defibrillated 
with 2 J or less. In 139 (827%) patients 
defibrillation was effected with 4 J or less. Only four 
patients required > 10 J to defibrillate their heart. 

We recommend the use of low energy 
defibrillation as a means of preventing electrical 
damage to the myocardium. 


The role of peroperative hypocapnia in the 
aetiology of neurological deficit after cardio- 
pulmonary bypass surgery 


M Nevin, S Adams, A C F Colchester, J R P Pepper 
Department of Cardiothoracic Surgery, St George’s 
Hospital, London 


Thirty patients undergoing coronary artery bypass 
surgery had a detailed preoperative and post- 
operative ophthalmological and neuropsychological 
assessment. Anaesthetic and surgical protocols were 
standardised, although ventilatory variables were 
left to the discretion of the anaesthetist.and.as such 
closely conformed to accepted clinical practice. A 
continuous recording of mean arterial pressure, jug- 
ular venous pressure, and cerebral perfusion pres- 
sure was obtained peroperatively. Blood gas analysis 
was performed at regular intervals peroperatively. 
Although none of the patients complained of visual 
symptoms after operation seven (28% ) were found to 
have ophthalmological signs highly suggestive of 
ocular hypoperfusion. No intraluminal emboli or 
evidence of branch vessel embolisation was noted. 
Examination of the results of the peroperative moni- 
toring showed that the group showing positive post- 
operative ophthalmological signs had: (a) signi- 
ficantly lower arterial carbon dioxide (p < 0-001) 
and oxygen (p < 0-01) tensions at the onset of 
cardiopulmonary bypass (CPB); (b) a significantly 
greater rise in both PaCO, (p < 0 01), and jugular 
venous pressure (p < 0-01) at the onset of CPB; (c) 
a significantly lower mean cerebral perfusion pres- 
sure (p < 0-01) during the first-ten minutes of CPB, 
a period not maximally covered by the cerebral pro- 
tecting capabilities of hypothermia. In addition they 
showed significantly a greater postoperative neu- 
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ropsychological deficit (8095) than the group who 
showed no new ophthalmological signs (40%). 


Right and left ventricular function after ana- 
tomical correction and the Mustard and Sen- 
ning operations for transposition of the great 
arteries 


R P Martin, J A Ettedgui, S A Qureshi, E J Baker, 
OD H Jones, MH Maisey, A K Yates, P B Deverall, 
R Radley-Smith, M 'Tynan, M H Yacoub 
Departments of Paediatric Cardiology, Guy's 
Hospital, London and Harefield Hospital, 
Harefield, Middlesex 


After definitive surgery for transposition of the great 
arteries (TGA) late morbidity and mortality can be 
associated with ventricular dysfunction. We exam- 
1ned right and left ventricular function by first pass 
and equilibrium gated nuclear angiography in 21 
patients after anatomical correction of TGA and in 
21 patients after intra-atrial repair of TGA by the 
Mustard (11 patients) and Senning (10 patients) 
operations. The mean age of the patients after ana- 
tomical correction was 51-8 (range 17-85) months 
and the studies were performed a mean of 47.1 
(range 17-78) months after operation. Thirteen 
patients had undergone primary correction (nine as 
aneonate and four with ventricular septal defect) and 
eight had preliminary pulmonary artery banding as 
part of a two stage repair. The mean age of the 
patients after intra-atrial repair of TGA was 82:8 
(range 13—228) months and studies were performed 
a mean of 67 4 (range 3-187) months after operation. 
After injection of technetium-99m labelled auto- 
logous erythrocytes, the right ventricular ejection 
fraction (RVEF) was determined from the first pass 
study in the anterior projection and the left ventric- 
ular ejection fraction (LVEF) from an equilibrium 
study in the left anterior oblique projection. After 
anatomical correction the mean RVEF was 57:9% 
(11-99) and after intra-atrial repair it was 51-1% 
(10-54). After anatomical correction the mean LVEF 
was 58-2% (8-68) and after intra-atrial repair it was 
57-7% (10-99). The difference in systemic ventricu- 
lar ejection fraction between the two groups is not 
statistically significant (0-05 « p « 0-1); however, 
moderately severe ventricular dysfunction 
(EF < 30%) was only seen after intra-atrial repair 
(two patients). 
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Total anomalous pulmonary venous drainage: 
a seventeen year surgical experience 


R K Lamb, S A Qureshi, J L Wilkinson, R Arnold, 
D I Hamilton 
Royal Liverpool Children's Hospital, Liverpool 


Between 1968 and 1985, 80 children underwent 
repair of total anomalous pulmonary venous drain- 
age (TAPVD). There were 47 boys and 33 girls (aged 
from 3 days to 16 years, mean 7 7 months). Seventy 
(88%) of the children were < a year old at operation. 
Fifty eight (73%) weighed « 5 kg (range 1:6—42 kg, 
mean 49 kg). Forty five (56%) children had 
supracardiac, 14 (18%) cardiac, 15 (19%) 
infracardiac, and six (7%) mixed TAPVD. 
Pulmonary venous obstruction was present in 27 
(34%). The pulmonary artery (PA) peak systolic 
pressure ranged from 24 to 140 mmHg (mean 62) 
and the RV:LV peak systolic pressure ratio from 
0-38 to 1 8 (mean 0 88). There were 14 (17 5%) early 
deaths, of which seven (15%) occurred in the supra- 
cardiac, two (14%) in the cardiac, four (26%) ın the 
infracardiac, and one (16%) in the mixed TAPVD 
groups. During a mean follow up of 65 months 
(range 6-189 months) there were six (7:5%) late 
deaths. Multivariate analysis showed no significant 
influence of sex, age at operation, weight at oper- 
ation, anatomical type, the presence of pulmonary 
venous obstruction, or the technique of operation. 
Postoperative pulmonary venous obstruction 
occurred in five (6%) patients between six weeks and 
nine months after operation. All five died, three after 
reoperation. The surviving patients were all symp- 
tom free. 

Early repair of TAPVD is feasible irrespective of 
age and gives excellent long term results. The recur- 
rence of pulmonary venous obstruction after oper- 
ation, however, is an important adverse factor 
influencing the late results. 


Results of surgery for interrupted aortic arch 
in infancy: a multivariate and logistic analysis 


S A‘ Qureshi, B Maruszewski, Roxane McKay, 
D I Hamilton 
Royal Liverpool Children’s Hospital, Liverpool 


Between 1971 and 1986, surgery was performed in 
23 infants with interrupted aortic arch (IAA) (11 
boys and 12 girls; weight 1 7-4-2 kg (mean (SD); 
31(0-63); age 2-90 days (13 (18-7)). Arch inter- 
ruption was type À in four (1795) patients, type B in 
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17 (7494), and type C in 2 (995). Associated cardiac 
lesions included transposition of the great arteries 
(2), truncus arteriosus (1), tricuspid atresia (1), dou- 
ble inlet ventricle (1), aortopulmonary window (1), 
and ventricular septal defect (VSD) (23). The arch 
was reconstructed with a prosthetic conduit in 12 
patients, by direct anastomosis in six, with the left 
subclavian artery in three, and with the ductus arte- 
riosus 1n two. Four patients had simultaneous clo- 
sure of a VSD; pulmonary artery banding was per- 
formed in 15 of the remaining 19. Of the 13 (57%) 
operative deaths, five occurred in patients with com- 
plex cardiac defects and three when single stage 
repair was attempted. Survival after a palliative pro- 
cedure in patients with VSD was 6294 and six of 
these patients subsequently underwent pulmonary 
artery debanding and VSD closure with one death. 
X2 and t tests of 13 variables showed that only the 
year and the type of operation were significantly 
associated with improved survival. Multiple logistic 
regression identified male sex, preoperative prosta- 
glandin infusion, absence of cardiac catheterisation, 
and older age at operation as favourable predictors. 
The two stage repair with interposition of a con- 
duit from ascending to descending aorta now offers 
good palliation for infants with IAA and VSD. 


The changing role of duplex scanning in the 
preoperative evaluation of congenital heart 
disease 


G R Sutherland, Anna Colli, B R Keeton, 

J L Monro, D F Shore 

Wessex Regional Cardiac Centre, Southampton 
General Hospital, Southampton 


Previous studies on the usefulness of ultrasound in 
the preoperative assessment of congenital heart dis- 
ease have been restricted to small selected patient 
populations. The potential benefits and problems 
inherent in surgical referral based solely on clinical 
or ultrasound studies or both have not been defined 
in terms of a total paediatric cardiology practice. 
Furthermore, no study has investigated what addi- 
tional benefits may have accrued from the intro- 
duction of integrated Doppler echocardiography. To 
this end we reviewed the total population (4289 new 
referrals) of a regional paediatric cardiology unit 
over a seven year period (1980-86). 1094 children 
underwent cardiac surgery (669 bypass, 425 closed), 
240 of whom had not had preoperative cath- 
eterisation (10% bypass, 41% closed). The overall 
catheter:operation ratio (C:O ratio) fell progressively 
from 1:1 in 1980 (both bypass and closed) to 0-42:1 
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in 1986 (bypass 0 76:1, closed 0-3:1). Further analy- 
sis of three main groups (a) neonates, (b) infants, and 
(c) children aged 1-14 years indicated that the main 
impact had been on the neonatal and infant groups 
where cardiac morphology was the main deter- 
minant of operation without  catheterisation 
(1986—neonatal C:O ratio, bypass = 0:27:1, 
closed = 0:0:1; infant C:O ratio, bypass = 0:76:1, 
closed = 0-42:1). Statistical analysis confirmed that 
Doppler echocardiography increased the non- 
invasive referral rates in all three groups and had its 
greatest effect in defining outflow tract gradients. 
During the study there were three important ultra- 
sound misdiagnoses (1 394 total) with no resultant 
surgical mortality, a level of inaccuracy comparable 
to that in the catheterised group (0-99 total). 

With the introduction of Doppler echocardio- 
graphy non-invasive assessment 1s increasingly a 
practical alternative to preoperative catheterisation 
in well defined subsets of a total paediatric cardiol- 
ogy practice. 


Transcatheter occlusion of persistent ductus 
arteriosus 


M Tynan, R P Martin, JA Ettedgui, J S Reidy 
Paediatric Cardiology Department, Guy’s Hospital, 
London 


Transcatheter occlusion of persistent ductus arte- 
riosus is an attractive alternative to operation. We 
have successfully implanted occlusion devices in 10 
patients aged 1—63 years using Rashkind (USCI) 
transcatheter occlusion system. The percutaneous 
approach was used in all—via the femoral vein in 
nine and the femoral artery in one. From the vein a 
long sheath was advanced to the aortic opening of the 
ductus arteriosus whereas from the arterial approach 
the sheath was advanced to the pulmonary artery 
opening. The delivery system and occluding device 
were then advanced, and by manipulation of the 
delivery system and sheath the device was positioned 
so that ıt straddled the pulmonary opening of the 
ductus arteriosus. It was then released. The PDA 
was occluded by a 12 mm device (8 French delivery 
system) in six patients and by a 17 mm device (11 
French delivery system) in four patients. In one 
patient the occluding device was incorrectly posi- 
tioned and was released into the aorta. It lodged at 
the aortic bifurcation from where it was retrieved 
with an ureteric basket catheter and removed via a 
right femoral arteriotomy. Six weeks later, at the 
patient’s request, successful transcatheter occlusion 
was performed. Doppler evaluation 24 to 48 hours 
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after occlusion showed absence of ductal flow in 
eight and reduced ductal flow in two patients. 

Successful transcatheter occlusion of a ductus 
arteriosus can be achieved in a wide age range of 
patients. Complications in relation to the accurate 
placement of the device were encountered in the 
learning phase. 


Balloon angioplasty as first-line’ treatment for 
aortic coarctation 


I Peart, C Wren, H H Bain, S Hunter 
Freeman Hospital, ‘Newcastle upon Tyne 


Although balloon angioplasty is widely used for the 
treatment of postoperative recoarctation of the aorta, 
its role as first-line treatment for native coarctation 
has yet to be established. We present our results with 
balloon dilatation of native coarctation in 13 patients 
aged 1-19 (mean 11) years. Nine (69%) were hyper- 
tensive on presentation, Under general anaesthetic 
the systolic pressure gradient across the coarctation 
was 24—50 (mean 30) mm Hg. The aortic diameter 
above the coarctation was 6—25 (mean 14) mm and at 
the coarctation site ıt was 4—9 (mean 6) mm. The size 
-of balloon catheter used was based on the diameter 
of the distal aortic arch.-Meditech balloon catheters, 
8-18 mm in diameter, were inflated 1—4 (mean 2:1) 
times at 60-110 psi. The ratio of balloon:coarctation 
diameter in individual patients was 2:0—4:5 (mean 
2-7). After angioplasty the systolic pressure gradient 
fell to 0-20 (mean 6) mm Hg (p<0-01) and the 
coarctation diameter increased to 7-20 (mean 12) 
mm (p «0:01). Only one patient developed diffuse 
dilatation at the coarctation site (balloon:coarctation 
ratio of 4-5). At follow up all patients were nor- 
motensive (only one on treatment). Reinvestigation 
at 6-16 (mean 12) months in 12 patients demon- 
strated residual gradients of 0-24 (5) mm Hg; one of 
these patients underwent successful redilatation. 
Balloon angioplasty is effective in relieving native 
coarctation. The frequency of aortic dilatation at the 
site of the coarctation is small and may be related to 
balloon size. Our early experience with balloon 
angioplasty for native coarctation is encouraging. Its 
adoption as first-line treatment will depend on long 
term results and further experience. 


Elective day case cardiac catheterisation: 
Judkins’ technique * 


..K.G Oldroyd, K V Phadke, Rosalind Phillips, 
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P Carson, M Clarke, J A S Davis 
North Staffordshire Hospital Centre, Stoke-on- 
Trent 


Judkins' catheterisation is frequently performed as 
an inpatient procedure for fear of haemorrhage or 
other complications. À policy of day case cath- 
eterisation has been gradually adopted in this centre. 
During the 33 month period of this survey of 972 left 
heart studies (96% including coronary arte- 
riography), including cases of recently unstable 
angina, 719 (7495) were performed electively as day 
cases; 43% had left main or triple vessel disease. 
Patients attended the cardiac department one hour 
before the procedure, which was performed without 


- premedication using a French 7 or 8 sheath; patients 


taking warfarin were instructed to omit the treat- 
ment the day before the study. After catheterisation 
patients were observed in the day room of the cardi- 
ology ward for a minimum of four hours. 675 (94%) 
had uncomplicated procedures. There were two 
deaths (0-395). 44 (6%) patients had to be admitted: 
eight with prolonged chest pain, seven with 
significant puncture site haemorrhage, six with acute 
infarction, and three with major vascular compli- 
cations. Puncture site haemorrhage occurred within 
four hours except in one case (6 hours); it did not 
occur in any patient after discharge. 'T'he incidence of 
haemorrhage was unrelated to sheath size but was 
slightly more common in patients who had been 


‘receiving warfarin (4% vs 1%). 


Day case femoral cardiac catheterisation can be 
performed with an acceptably low complication rate. 
Compared with a policy of admission there is less 
disruption of the catheterisation service by lack of 
beds; also a considerable cost saving and greater con- 
venience for patients. 


Provision of pre-hospital coronary care by a 
taxi service i 


G Main, G P McNeill 
Ninewells Hospital and Medical School, Dundee 


A mobile coronary care unit staffed and driven by a 
doctor and nurse was started in Dundee in 1977. 
During 1985 Tayside Health Board considered dis- 
continuing the service because the van had been 
repeatedly involved in road traffic accidents. Since 
6 January 1986 the unit has been conveyed by a local 
taxı firm. Patients are transferred to hospital by con- 
ventional ambulance. We have reviewed our initial 
10 month experience of this novel service. There 
have been 458 calls, mean cost £5-33 each, compared 
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with approximately £8-00 for the previous doctor 
driven service in 1984. The mean distance travelled 
was four miles: 51% of requests were from general 
practitioners, 22% from ambulance-men, 8% from 
GP receptionists, 4% from other hospitals, and 15% 
directly from patients. The median time between 
requests for service and arrival at the patient was 14 
minutes compared with 11 minutes previously. Drug 
treatment was given in 66% of calls; 65% of patients 
required hospital admission, 38% to a coronary care 
unit. During the first year of this service advanced 
cardiopulmonary resuscitation was attempted out of 
hospital on 18 occasions; however, only three cardiac 
arrests occurred in the presence of the team; two of 
these patients survived and remained well. There 
have been no-road accidents. 

The taxi based mobile coronary care unit can pro- 
vide a low cost safe method of transporting a mobile 
unit team into the community. 


Type A behaviour pattern in patients with 
coronary artery disease 


Leisa J Freeman, P G F Nixon 
Charing Cross Hospital, London 


Possession of the type A behaviour pattern (TABP) 
1s considered to be a risk factor in patients with 
coronary artery disease and may exert its effect by 
excessive stimulation of the sympathoadrenal 
medullary system. Additionally, type-A subjects may. 
perceive life events as more stressful than type B 
subjects. The frequency of the TABP in 30 patients 
undergoing routine angiography was studied by the 
Gough adjective check list and-Thurston Activity 
schedule (these reflect time, pressure, and speed at 
which activities are undertaken). Forty eight hour 
ambulatory ST Holter monitoring was performed 
with concomitant collection of urinary cate- 
cholamine (nonadrenaline and adrenaline) during a 
stressful period in the patients lives and at a later 
date. The effect of possession of the TABP on the 
occurrence of myocardial ischaemia during daily life 
on these two separate occasions was studied. Patients 
kept a comprehensive diary of episodes of chest pain 
and emotional upset. Scores consistent with pre- 
viously documented interview assessment of type Al 
behaviour pattern were obtained in 12 (Gough) and 
14 (Thurston) patients. There was good correlation 
between the questionnaires. Type A patients experi- 
enced many more episodes of painful myocardial 
ischaemia during the stressful period of monitoring 
than at the later date (p<0-02). They also had a 
higher excretion of adrenaline (p <0-03) at this time 


Proceedings of the British Cardiac Society 


and reported more episodes of emotional upset com- 
pared with the later time (p «0-02). There was no 
effect on the frequency of asymptomatic ischaemia. 


Apolipoprotein AI/CHI/AIV DNA sequence 
markers, hyperlipoproteinaemia, and coro- 
nary artery disease in Scotland 


W H Price, A H Kitchin, H Tunstall-Pedoe, T RD 


' Shaw, J C Rodger 


MRC Cytogenetics Unit and Department of Medi- 
cine, Western General Hospital, Edinburgh, Car- 
diovascular Epidemiology Research Unit, Ninewells 
Hospital, Dundee, and Monklands.District General 
Hospital, Airdrie 


It 1s well recognised that in coronary heart disease 
(CHD) a family history 1s an important risk factor. 
Occasionally it is due to a mendelian genetic disorder 
such as familial hypercholesterolaemia but in most 
instances it is attributed to a combination of multiple 
genetic and common environmental factors. With 
recombinant DNA technology it is now possible to 
assess and analyse the genetic contribution in several 
diseases and already several reports suggest that 
variants of the genes that code for apolipoproteins 
(apo) are implicated in CHD. Using standard tech- 
niques we have identified allelic variants at five poly- 
morphic DNA endonuclease restriction sites in the 
a2poAI/CIII/AIV gene cluster and have determined 
their frequencies (a) in two Scottish populations 
(n=224 and 130) with different standardised CHD 
mortality ratios (81 and 138), (b) in survivors of myo- 
cardial infarction in two coronary care units (n—62 
and 52), and (c) in patients assessed by coronary 
angiography (n—100). Our results so far show a 
significant association between the frequency of alle- 
lic variants at a Pstl site flanking the 3’ end of the 
apoAI gene and hyperlipidaemia (total cholesterol 
7-5 mmol/l; triglycerides 2-1 mmol/l; p « 0-005), and 
with CHD before the age of 55 years (p « 0:01). 
The findings are consistent with linkage dis- 
equilibrium between the apoAI/CIII/AIV gene 
marker and a gene or genes which«confer predis- 
position to CHD in the Scottish population. 


Neuropeptide Y causes myocardial ischaemia 
in man by small vessel constriction 


J Clarke, G Davies, R Kerwin, D Hackett, S Larkin, 
D Dawbarn, Y Lee, S Bloom, M Yacoub, A Maseri 
Royal Postgraduate Medical School, London 
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Peptidergic nerves appear to have a physiological 
role in cardiovascular regulation. Neuropeptide Y 
(NPY) is found in abundance in epicardial human 
coronary arteries in' relation to noradrenergic nerves 
and 1s a potent constrictor of coronary arteries in 
isolated rabbit heart. We studied six patients with 
chest pain but no evidence of variant angina. Provo- 
cation tests including exercise, hyperventilation, 
ergometrine, and histamine were negative. All 
patients had either normal coronary arteries or only 
minimal wall'irregularities, although one had evi- 
dence of previous myocardial infarction. During 
ECG monitoririg, coronary arteriography was per- 
formed before and after control intracoronary 


infusions of 1% albumin in physiological saline and’ ' 


was repeated after five-minute intracoronary 
infusions of 0-2, 0-6, and 1-0 pmol/kg/min of NPY 
into the left (five patients) or right (1 patient) coro- 
nary artery. The epicardial vessel-diameter was mea- 
sured by computerised arterial analysis (CAAS-Pie 
Data Medical). Anginal pain with ST segment 
elevation occurred in 3 patients (two patients at 0-2 
and 1 patient at 1-0 pmol/kg min). This was associ- 
ated with interruption of flow in the infused artery as 
indicated by lack of progression of contrast. There 
was a slow return to a normal flow pattern after 2 mg 
of intracoronary isosorbide dinitrate. In the early 
phase of recovery when ischaemia had not com- 
pletely resolved, lack of progression of contrast was 
still evident in the distal segment of the artery but 
there was no evidence in the proximal segment of 
focal constriction of the type seen in variant angina. 
' NPY produces myocardial ischaemia without epi- 
cardial vessel changes and therefore is a constrictor 
of small coronary vessels. 


The influence of short term or long term aspi-' 


rin administration after experimental vein 
‘graft insertion ` 


Denise Syndercombe Court, J C Chalmers, C T 
Lewis, P G Mills 
The London Hospital, London 


We have used a rabbit model of autogenous vein 
grafting to investigate the effect on graft intimal 
thickness of 40^ mg/kg aspirin given daily for three 
days or for 28 days after insertion of a jugular vein 
graft unto the carotid artery. Three groups of eight 
rabbits were grafted: untreated controls, three day 
treated, and 28 day treated. All'animals were killed 
at 28 days (though one animal in the 28 day treated 
group died during the experimental period). Grafts 
were removed, fixed at pressure, and cut into seven 
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cylindrical lengths. Intimal thickness was measured 
-under microscopy with an Apple graphics tablet 
from elastin-van Gieson stained sections. À mean of 
299 measurements was made on each section and the 
average intimal thickness was calculated for each 
graft. The mean thickness (um (SEM)) for each 
group was: control 65-41 (8-23); three day treated 
76-03 (7-37); 28 day treated 147-13 (79-60). Non- 
parametic analysis of the data indicated that, while 
there was no significant difference between the three 
“day and 28 day treated groups, it can be stated with 
95% confidence that the presence of aspirin was con- 
sistent with a reduction of up to 19% or an increase 
of up to 108% in intimal thickening. 

While aspirin has proven beneficial effects in 
reducing the incidence of early postoperative throm- 
bosis, its potential, in a high dose, to produce greater 
intimal thickening, which may affect the long term 
survival of the graft, must also be considered. 


Coronary anatomy and collateral vessels dur- 
ing evolving acute myocardial infarction 


D Hackett, G Davies, S Chierchia, A Maseri 
Royal Postgraduate Medical School, Hammersmith 
Hospital, London 


We investigated the relation of symptoms and coro- 
mary arteriographic findings in 65 consecutive 
patients aged 27-78 years presenting with acute 
myocardial infarction. Coronary arteriography was 
performed before administration of thrombolytic 
treatment at a mean of 4-0 (range 1-1-7-9) hours after 
the onset of continuous chest pain. 

Twenty three patients gave a history of chronic 
stable angina pectoris and 21 of recent onset unstable 
angina; 21 had no history of pain before infarction. 
The infarct related coronary artery was occluded in 
58 patients and patent with a severe stenosis in seven; 
in 37 it was the only coronary obstruction present. In 
45 patients collateral vessels were seen filling the 
infarct related coronary artery, but they were present 
with partial or complete filling of the infarct related 
artery in 20. There were no significant differences in 
the frequency of collateral filling of the infarct 
related artery between those patients with (seven of 
23) or without (13 of 32) chronic angina. Multiple 
vessel obstruction; particularly three vessel disease, 
was more common in patients with chronic stable 
angina (p<0-05). 

Patients with acute myocardial infarction most 
commonly have single vessel disease. Collateral ves- - 
sels rarely fill the infarct related artery during the 
early phase of infarct evolution and are no more 
frequent in patients with preceding chronic angina. 
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Pulmonary embolectomy: indications and 
results 


H H Gray, J M Morgan, M Paneth, G AH Miller 
Brompton Hospital, London 


Between 1964 and 1986 139 patients with acute mas- 
sive pulmonary embolus (AMPE) were admitted to 
this hospital. Before 1968 pulmonary embolectomy 
was the only specific treatment available and was 
performed on 30 patients, with a mortality of 33-3% . 
Although the introduction of thrombolytic treat- 
ment as an alternative treatment reduced the annual 
number of pulmonary embolectomies this operation 
was still required in 41 of 109 patients admitted with 
AMPE (37 6%) either because the patient was too 
sick to allow a trial of thrombolytic treatment (5 
cases) or because there was a specific con- 
traindication to thrombolysis (30 cases) or operation 
was considered to be the treatment of choice (4 
cases). T'wo patients started on streptokinase but 
later required emergency embolectomy. Thus over 
the whole period 71 pulmonary embolectomies were 
performed: of these, 21 (29:695) patients died. Six- 
teen of those who died had required preoperative 
external cardiac massage (ECM), indicating the 
severity of their haemodynamic impairment. Three 
of these 16 died on bypass, nine died within four 
weeks with severe neurological damage, three died in 
the first postoperative week of circulatory or multi- 
system failure, and one patient died at five weeks 
with carcinomatosis. Of the five patients who died 
without having had preoperative ECM one died on 
bypass, one died of pleural and one of gastro- 
intestinal bleeding, one patient died within 24 hours 
of persistent hypotension, and one at six days with 
massive venous occlusion requiring thrombectomy. 
An additional patient died five months after oper- 
ation with a further pulmonary embolus. Fifty 
(70 4%) of the 71 patients survived to leave hospital. 
One underwent a period of haemodialysis and then 
made a full recovery, three had moderate neu- 
rological deficits which were thought to have been 
present preoperatively, and one developed a hemi- 
plega perioperatively, probably caused by para- 
doxical embolus through a patent foramen ovale. 
The remaining survivors (n—45) recovered com- 
pletely. Out of the total group of 71 patients under- 
going pulmonary embolectomy 25 had required pre- 
operative ECM. In the latter patients the mortality 
was 63:6% compared with 12-2% in patients who 
had not required ECM. 

We conclude that pulmonary embolectomy is still 
an important and effective form of treatment for 
AMPE. 
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Sudden death in hypertension: a possible 
mechanism 


J M McLenachan, E Henderson, G B Lindop, H J 
Dargie 

The Cardiac Department, Western Infirmary, Glas- 
gow 


Sudden death 1s common in hypertensive patients 
with electrocardiographic left ventricular hyper- 
trophy (ECG LVH) and is often attributed to myo- 
cardial infarction secondary to otherwise silent coro- 
nary artery disease. In other forms of cardiac 
hypertrophy, however, primary ventricular arrhyth- 
muas occur frequently and are predictive of sub- 
sequent sudden death. We investigated the occur- 
rence of ventricular arrhythmias by 48 hour 
ambulatory ECG monitoring and their relation to 
coronary artery disease in hypertensive patients with 
and without ECG LVH and in a normotensive con- 
trol group. Ventricular tachycardia (VT) (23 ven- 
tricular impulses at a rate >120 per minute) 
occurred in 1/50 (2%) control subjects, 4/50 (8%) 
hypertensive patients without LVH, and 14/50 
(28%) hypertensive patients with LVH (p «0 01 vs 
controls, p «0:05 vs hypertensives without LVH). 
Coronary arteriography in 16 of those with VT 
demonstrated normal coronary arteries in nine 
(56%) and single vessel disease in four (25%). Left 
ventricular endomyocardial biopsy specimens from 
those patients with VT were analysed by point 
counting and compared with biopsy specimens from 
patients with a similar degree of LVH but without 
VT on ambulatory monitoring. Volume fractions of 
interstitium and of fibrosis were 19(4)% and 
13(3)% respectively for those with VT and 3(1)% 
(p « 0-001) and 2(1)% (p <0-001) for those without. 

Ventricular arrhythmias occur commonly in 
hypertensive patients with left ventricular hyper- 
trophy; their occurrence cannot be attributed solely 
to coexistent coronary artery disease, but is related to 
myocardial complications of left ventricular hyper- 
trophy, including myocardial fibrosis. They may 
contribute to the high frequency of sudden death in 
hypertensive patients. 


Aortic valve replacement with and without 
myocardial revascularisation in patients with 
coronary artery disease 


P M Schofield, M Jones, H Moussali, A K 
Deiraniya, R A M Lawson, N H Brooks 

Regional Cardiac Unit, Wythenshawe Hospital, 
Manchester 
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To assess the role of myocardial revascularisation in 
patients with combined aortic valve disease (AVD) 
and coronary artery disease (CAD) early and late 
outcome were determined in 630 patients who 
underwent aortic valve replacement between 1974 
and 1982. Three groups of patients were identified. 
Group I (506 patients) did not have significant CAD 
(>50% reduction of intraluminal diameter of a 
major coronary artery), group II (69 patients) had 
CAD and underwent coronary artery bypass graft- 
ing, and group III (55 patients) had CAD but did not 
undergo myocardial revascularisation. Patients in 
group II had more severe CAD than those in group 
III: 10 had left main stem stenosis, 17 had three 
vessel disease, 19 had two vessel disease, and 23 had 
single vessel disease, compared with 2 patients, 2 
patients, 16 patients, and 35 patients respectively ın 
group III. The overall early mortality (within 30 
days of operation) was 6% for group I, 13% for 
group II, and 16% for group III, although operative 
mortality was lower in patients operated on more 
recently (3%, 8%, and 13% respectively). The three 
year survival of patients in group I (8395) was 
significantly higher (p « 0-001) than that of patients 
of group III (62%) but not than that of patients in 
group II (76%). 

'The findings suggest that the presence of CAD 
increases the risk of aortic valve replacement 
whether or not coronary artery grafting is per- 
formed. Miyocardial revascularisation, however, 
appears to return patients with AVD and CAD to a 
survival curve similar to that of patients with isolated 
AVD 


Sudden death; occurrence in 300 cases of sar- 
coid heart disease in the United Kingdom 


H A Fleming 
Papworth Hospital, Papworth Everard, Cambridge 


This study investigates sudden death in the first 300 
cases of sarcoid heart disease collected by the author 
over 15 years in the United Kingdom: 279 were 
white and 21 were black; 162 were male and 138 
female; and the average age was 48 years. One hun- 
dred and thirty seven have died; 103 had necropsy 
examinations. Sudden death occurred in 77: (a) it 
was the method of presentation in 49 and (b) it 
occurred 1n 28 patients already diagnosed as having 
sarcoid heart disease. Of the 49 cases first diagnosed 
at necropsy, 29 were male and 20 were female, and 
43 were white and 6 black. Most of the postmortem 
examinations were coroner's cases and they were 
often incomplete; however in all of them sarcoid 
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granulomas were present in the myocardium and 
other organs. Massive heart involvement was fre- 
quent and the initial macroscopic label was of 
tumour. Occasionally the heart was unremarkable 
until examined microscopically. Twenty eight of the 
cases were from East Anglia and the rest were scat- 
tered throughout the UK, suggesting that local 
awareness of sarcoid heart disease was important. 
Twenty eight known cases of sarcoid heart disease 
died suddenly and 26 had postmortem examination. 
Nine of these examinations were considered to be 
substandard. Fourteen cases were known to the 
author in life and this interest led to the correct 
postmortem diagnosis finally being made. Some 
pathologists are reluctant to consider sudden death 
as being due to causes other than coronary artery 
disease. T'he commonest clinical signs of sarcoidosis 
were intrathoracic. In four out of 17 cases tested the 
Kveim test was negative. The type of cardiac 
presentation, treatment, and survival are considered. 

Sarcoid heart disease is not rare; 1t is an occasional 
cause of sudden death and ıt may be overlooked even 
at necropsy. 


The effect of aircraft vibration on the function 
of an activity-sensing pacemaker 


W D Toff, C Leeks, M Joy, G Bennett, A J Camm 
UK Civil Aviation Authority, London 


The new generation of rate-responsive pacemakers 
includes devices incorporating a vibration sensor 
which influences the pacing rate relative to the per- 
ceived level of user activity. This study examined the 
effects on the function of such a device of extraneous 
vibration such as that encountered in aircraft. A 
bipolar Activitrax pacemaker (Medtronic, Man- 
neapolis, USA) was attached externally to the pec- 
toral area of a normal subject and programmed to 
typical settings (basic rate 60 beats/min, maximum 
activity rate 150 beats/min, medium activity thresh- 
old, rate response 5). The pacing rate was monitored 
by a Medtronic 5309 pacing system analyser incor- 
porating a digital display and recorded every 15 sec- 
onds during flights in six fixed wing aircraft, four 
helicopters, and a hovercraft. In the fixed wing air- 
craft the maximum observed pacing rates were 115 
beats/min in a light twin, 92 beats/min in a twin 
turboprop, and 79 beats/min in a large passenger jet. 
Significant increases 1n rate were confined to brief 
periods such as taxying, takeoff, turbulence, and 
landing, with only modest rises during most of the 
flights. In the helicopters and hovercraft sustained 
rate rises were noted throughout the flights with 
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maxima of 100-131 beats/min. Re-setting the pace- 
maker activity threshold and rate response level 
achieved only partial reduction of the maximum rate. 

Vibration associated with air travel may increase 
the pacing rate of  actvity-sensing rate- 
responsiveness pacemakers. In fixed wing aircraft 
such increases are only transient and minor but in 
helicopters and hovercraft they are considerable and 
sustained and may cause difficulty in some patients. 


Comparison between maximal exercise tread- 
mill testing and tournament squash in men 
over 45 years 


HR Brady, T T Lynch, MR Kinirons, E M Ohman, 
J H Horgan 

Department of Cardiology, St Laurence’s Hospital, 
Dublin, Ireland 


Treadmill stress testing is used routinely in the eval- 
uation of cardiac symptoms experienced during 
competitive exercise. There are few studies com- 
paring the physiological response to exercise in these 
two circumstances. We have compared the cardio- 
vascular and metabolic responses to exercise in max- 
imal treadmill exercise testing and competitive 
squash in 10 men (> 45 years). Subjects were studied 
at rest before exercise, on completion of exercise, and 
then at five and 30 minutes after exercise. The fol- 
lowing were measured on each occasion: heart rate 
rhythm; potassium; catecholamines (adrenaline, 
noradrenaline); lactate; glucose; free fatty acids; and 
haematocrit. A paired Student's r test was used for 
statistical analysis. Treadmill exercise was associated 
with a higher mean (SEM) maximal heart rate (178 
(3) vs 165 (4); p «0:05), higher mean plasma lactate 
(7:4 (0:5) vs 5:2 (0:6 mmol/l; p « 0 0025), and higher 
mean plasma potassium (41 (0-2) vs 3:6 (0-14) 
mmol/l; p « 0 05) than squash at the end of exercise. 
Five minutes after squash mean serum free fatty 
acids were raised (0-72 (0.14) mEq/l) and mean 
plasma potassium was below the normal range (3 2 
(0-8) mmol/l). Mean blood glucose and mean plasma 
catecholamines tended to be higher ın squash. There 
was no difference in mean haematocrit between 
squash and treadmill exercise. 

We conclude that treadmill exercise is a good 
reflection of the cardiovascular responses occurring 
during competitive squash. However, squash is asso- 
ciated with changes in potassium and free fatty acids 
which may be arrhythmogenic. 
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Cryoablation of the accessory pathway in 
Wolff-Parkinson-White syndrome: initial 
results and long term follow up 


K Robinson, E Rowland, D M Krikler, H H Bentall 
Royal Postgraduate Medical School, Hammersmith 
Hospital, London 


Cryoablation of the accessory pathway (AP) has been 
used in the management of Wolff-Parkinson- White 
(WPW) syndrome where surgery is indicated. We 
examined the outcome ın 17 patients who were then 
followed up for a mean of 5-7 (range 1-9) years. 
There were 10 women and seven men aged 21—58 
years (mean 38-6). Indications for.operation were 
failure of medical treatment for reentrant atrio- 
ventricular tachycardia in 11 patients and atrial 
fibrillation with rapid anterograde conduction across 
the AP in six. Thirteen patients had overt pre- 
excitation but ıt was concealed in four. The AP was 
located on the left free wall in nine, posteroseptally 
in four, on the right free wall in two, and ante- 
roseptally in one. In one patient two APs were 
located on the righi—one anteriorly and the other 
posteriorly. T'here was one postoperative death from 
rupture of an unsuspected cerebral haemangioma 
and one patient suffered hemiparesis. In six patients 
there was recurrent arrhythmia, one after one day, 
one after two weeks, two after one month, and two 
after five months. In these patients the APs were 
located on the left free wall in four, posteroseptally 
in one, and anteroseptally in the other.. Reoperation 
was successful in four of the six; two are still man- 
aged medically, one with an anti-tachycardia device. 
Of the 16 survivors, 14 remain arrhythmia free. 
Successful cryoablation of the AP is possible in 
WPW syndrome and, if arrhythmia recurs, further 
surgery is usually successful. Initial operative failure 
does not seem to be related to the site of the AP but 
may reflect the epicardial approach used with this 
technique. If surgical cure is not achieved inter- 
ference with the AP may be sufficient to render the 
arrhythmia more amenable to medical management. 


Left ventricular repolarisation sequence in 
man 


J C Cowan, C J Griffiths, C J Hilton, J Bourke, Suda 
'Tansuphaswadikul, A Murray, R W F Campbell 
Freeman Hospital, Newcastle upon Tyne 


The repolarisation sequence of intact human heart is 
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unknown. It is widely postulated that repolarisation 
proceeds in the opposite direction to activation, but 
hitherto it has not been possible to test this hypoth- 
esis. The epicardial repolarisation sequence was 
studied intraoperatively in eight patients with 
upright T waves undergoing coronary artery bypass 
grafting. Monophasic action potentials were 
recorded from left ventricular sites (13-25 
sites/patient) with a hand held probe. The left ven- 
tricle was considered as four concentric rings 
between base and apex. Mapping was performed 
during fixed rate right atrial pacing on normothermic 
cardiopulmonary bypass. Action potential duration 
increased by 30-40 ms at all epicardial sites in the 
first minutes of bypass. Mapping was started on 
return to an approximate steady state. ‘Activation 
occurred earliest at the apex and latest at the base 
(variance analysis, p<0-001; apex — base = 18 ms-(5) 
SEM). The action potential duration was inversely 
related to activation time and was longest at the apex 
and shortest at the base (variance analysis, p « 0-025; 
apex—base— 16 ms (9) SEM). However, there was 
no significant difference in repolarisation time 
between the four rings (apex — base —2 ms (5) SEM). 

These findings differ from the classically postu- 
lated repolarisation sequence. They show that epi- 
cardial repolarisation is independent of activation 
sequence and occurs simultaneously between base 
and apex. The observed inverse relation between 
activation time and action potential duration may 


represent a mechanism for preserving the homoge- . 


neity. of repolarisation. 


Treatment with ambulatory dobutamine 
infusion of severe chronic heart failure refrac- 
tory to current treatment 


C McParland, T Gumbrielle, J Horgan 
Department of Cardiology, St Laurence's Hospital, 
Dublin, Ireland 


Severe chronic heart failure often requires repeated 
and prolonged admission to hospital. Thus in the 
absence of effective treatment to improve survival, 
an improvement in the quality of life is a genuine 
therapeutic aim. The use of dobutamine infusion in 
acute heart failure:is well established. Therefore, we 
undertook an open study of continuous ambulatory 
dobutamine in four patients (49-60 years) with 
severe chronic heart failure (New York Heart Asso- 
ciation Class III and IV) who had remained symp- 
tomatic (minimum three months), and required 
repeated admission to hospital despite diuretic, car- 
diac glycoside, and vasodilator treatment. All four 


575 


had benefited from acute dobutamine and under- 
stood and participated in catheter pump care. Dob- 
utamine (7 ug/minute) was administered via a Hick- 
man central venous catheter by a portable infusion 
pump over a 48 hour period. Patients attended as 
outpatients for refilling of the pump at the end of 
each period. One patient died in hospital after eight 
weeks (acute pulmonary oedema) and three patients 
were followed up for 24-43 weeks. All four patients 
reported a reduction in dyspnoea, fatigue, and per- 
sonal incapacity. 'The number of inpatient days was 
reduced from a mean of 64 days per patient per six 
month period to 0 75 days per patient per six month 
period. There was an improvement in clinical signs, 
New York Heart Association classification by at least 
one class, and in mean treadmill exercise duration 
from 3:6 to 9-75 minutes. Resting left ventricular 
ejection fraction assessed by radionuclide ventricu- 
lography showed no significant change. No increase 
in tachycardia was detected by serial Holter record- 
ing and there were no major infective or mechanical 
complications. 

Preliminary results at six months indicate that 
supervised continuous ambulatory dobutamine 
reduces symptoms and hospital admissions, while 
increasing functional capacity in severe heart failure, 
without adverse effect on cardiac rhythm or major 
infection. 


Left ventricular end systolic volume is the 
major determinant of survival after recovery 
from myocardial infarction 


R M Norris, H D White, P W T Brandt, RM L 
Whitlock, C Wild 
Green Lane Hospital, Auckland, New Zealand 


Impairment of left ventricular function is the major 
predictor for mortality after acute myocardial 
infarction, but it is not known whether this is best 
described by ejection fraction or by end systolic or 
end diastolic volume. We measured volumes, ejec- 
tion fractions, and severity of coronary arterial 
occlusions and stenoses in 605 male patients (« 60 
years old) 1-2 months after a first (n — 443) or recur- 
rent (n—162) myocardial infarction, and we fol- 
lowed these patients for a mean of 78 months (range 
15-165 months). There were 101 cardiac deaths. 
Multivariate analysis using log rank testing and the 
Cox proportional hazards model showed that end 
systolic volume (y?7=82-9) had greater predictive 
value for survival than end diastolic volume 
(2—59-0) or ejection fraction (y?7=46 6), while 
stepwise analysis showed that once the relation 
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between survival and end systolic volume had been 
fitted there was no additional significant predictive 
information in either end diastolic volume or ejec- 
tion fraction. Severity of coronary occlusions and 
stenoses showed additional prediction of only bor- 
derline significance (p 20-04 in one analysis). For a 
subset of patients (n — 200) who had taken part in a 
randomised trial of coronary artery surgery after 
recovery from infarction, surgical “intention to 
treat" showed no predictive value. 

We conclude that left ventricular end systolic vol- 
ume is the primary predictor of survival after myo- 
cardial infarction. Treatment of infarction should be 
aimed at limitation of infarct size and prevention of 
ventricular dilatation. 


Improved left ventricular function and sur- 
vival after acute myocardial infarction with 
intravenous streptokinase: a double blind trial 
with and without concomitant intravenous 
propranolol 


R M Norris, H D White, M A Brown, M Takayama, 
P W T Brandt 
Green Lane Hospital, Auckland, New Zealand 


Streptokinase 1 5 x 10° units or placebo was infused 
intravenously over 30 minutes within 4 hours (mean 
3 hours) of the onset of infarction in 219 patients 
under 70 years of age. In 44% who did not have 
contraindications, intravenous propranolol followed 
by oral propranolol was also given, while heparin, 
low dose aspirin, and dipyridamole were given to all. 
Cineangiocardiograms were performed at three 
weeks after infarction in 98% of eligible patients; 
ejection fraction (EF) and end systolic volume (ESV) 
were calculated, and contractility was scored from 
biplane ventriculograms. Thirty day actuarial sur- 
vival was improved by streptokinase (4/108 deaths 
among streptokinase patients vs 14/111 in placebo 
patients; p=0-02). Survivors from first infarction 
who had had streptokinase showed higher EF (59 
(1)% (SEM) vs 53 (2)95; p<0 005), lower ESV (55 
(3) ml vs 73 (5) ml; p<0 005), and better con- 
tractility score (2:9 (0 3) vs 4:8 (0-4); p «0-01) than 
those who had had placebo. Patency of the infarct 
related artery was 78% after streptokinase and 56% 
after placebo. Subgroups with anterior or inferior 
infarction and those who had or had not had pro- 
ranolol showed similar significant benefit from strep- 
tokinase. 

We conclude that intravenous streptokinase is an 
effective treatment and that the combination of 
streptokinase with intravenous propranolol is well 
tolerated. 
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Randomised trial of high dose intravenous 
streptokinase, of oral aspirin, and of intra- 
venous heparin in acute myocardial infarction 


R Collins, P Sleight’ for the ISIS collaborative 
group 
ISIS, Radcliffe Infirmary, Oxford 


619 patients with suspected acute myocardial 
infarction (MI) were randomised to receive either a 
high dose short term intravenous infusion of strep- 
tokinase (1-5 MU over one hour) or placebo. In addi- 
tion, using a “2x2x2 factorial design, patients 
were also randomised to receive either oral aspirin 
(325 mg on alternate days for 28 days) or placebo, 
and separately randomised to receive either intra- 
venous heparin (1000 IU/hour for 48 hours) or no 
heparin. Streptokinase (SK) was associated with a 
non-significant decrease ın hospital mortality (7-7% 
in those allocated to SK vs 9-2% in those allocated to 
placebo) and an increase in non-fatal reinfarction 
(3-695 vs 2:9%). There were significantly more 
munor adverse events after SK (for example hypo- 
tension, allergies, bruises, or minor bleeds), but no 
excess of strokes or of anaphylactic shock. Aspirin 
was associated with fewer reinfarctions (29% in 
those allocated to aspirin vs 3-9% in those allocated 
to placebo; NS), deaths (6:194 vos 10-595; 2P « 0-04) 
and strokes (0-395 vs 2:095; 2P « 0-1). Heparin was 
associated with a decrease in reinfarction (19% in 
those allocated to heparin vs 4-9 in those allocated to 
no heparin; 2P«0-04) though not in mortality 
(8 3% vs 8 2%; NS), and with a trend towards more 
strokes (1:695 vs 0-795; NS) and more bruising and 
bleeding 14% vs 11%; NS). To assess reliably the 
effects of SK and aspirin on major endpoints several 
hundred hospitals are now collaborating in a large 
(about 20000 patients planned) randomised trial 
(ISIS-2). 


Cardiopulmonary response to dynamic 
exercise after combined heart-lung trans- 
plantation 


N R Banner, M H Lloyd, R Hamilton, J A Innes, 
A Guz, M H Yacoub 

Harefield Hospital, Harefield, Middlesex, and Char- 
ing Cross and Westminster Medical School, London 


To determine the effect of combined heart-lung 
transplantation (HLT) and the resultant cardiac and 
pulmonary denervation on the cardiopulmonary 
response to dynamic exercise, we studied eight HLT 
recipients during symptom limited graded exercise 
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on a cycle ergometer and compared them with eight 
recipients of orthotopic cardiac transplant (CT) and 
eight normal subjects (N) matched for age and sex. 
Heart rate, ECG, blood pressure, ventilation, and 
oxygen saturation (ear oximeter) were monitored 
and expired gas analysis performed with a computer- 
ised mass spectrometer. All data are quoted as mean 
values (SD); p values refer to comparisons with nor- 
mal subjects. The maximum oxygen uptakes (l/min) 
of the groups were: N 1:96 (0-44); HLT 1-33 (0-45), 
p<0-05; CT 1-5 (0:62) NS. Heart rate rose with 
oxygen uptake in all three groups and the slopes of 
the regression lines (beats/litre) were: N 57-7 (15-3), 
HLT 28-8(14-8), p «0:01; CT 24:0 (13-7), p «0-01. 
Ventilation rose with oxygen uptake and the slopes 
of the regression lines (below the anaerobic thresh- 
old) were: N 23 9 (5-5), HLT 30:8 (6-1), p «0 05; CT 
25:8 (3:2), NS. Oxygen saturation did not fall 


significantly during exercise. Systolic blood pres-' 


sures (mm Hg) at rest were N 119 (9), HLT 108 (17), 
CT 108 (14) and at maximum exercise N 176 (20), 
HLT 146 (19), p «0-05; CT 148 (22), p «0-05. The 
maximum oxygen uptake of both HLT and CT 
recipients was lower than that of normal controls. 
Both transplant. groups have an abnormal heart 
rate response to exercise; this is related to cardiac 
denervation. HLT recipients also show an increased 


ventilatory response at submaximal workloads, . 


which may reflect altered ventilatory control after 
pulmonary denervation. 


Arrival-time imaging of the thoracic aorta: a 
new way of demonstrating the site of aortic 
dissection ` 


J Lyons, A Gershlick, J Gardener, C Layton 
The London Chest Hospital, London 


Intravenous digital subtraction aortography (DSA) 
can accurately detect dissection of the thoracic aorta. 
Although the intimal flap can usually be dis- 
tinguished from similar linear subtraction artefacts 
by its characteristic motion throughout the cardiac 
cycle, further analysis avoiding image subtraction is 
an obvious advantage. Since digital images are com- 
posed of a large number of pixels it is possible to 
compute time-density curves for each pixel through- 
out the period of the study. One static image 
depicting the time to 90% maximum density for each 
pixel is then constructed. Structures which do not 
change in density by more than 10% throughout the 
study, such as the background, are excluded, avoid- 
ing the need for image subtraction. Structures 
enhanced by contrast are depicted on a colour scale 
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dependent on the arrival time of the contrast. There- 
fore, provided contrast arrives later in the false 
lumen, it is possible to demonstrate both the pres- 
ence and, more importantly, the site of entry of the 
aortic dissection. This technique provides a static 
image of aortic dissection, which, used in conjunc- 
tion with image subtraction, helps to overcome sub- 
traction artefact. All patients with suspected aortic 
dissection now undergo DSA with additional 
arrıval-time analysis. 


Atrial flutter: the relation between ECG 
flutter waves and endocardial atrial activity 
and excitability 


A D Cunningham, J A Kennedy, H M McAlpine, 
J Christie 

The National Heart Hospital, London, and The 
Western Infirmary, Glasgow 


Spontaneously occurring human atrial flutter is most 
commonly manifest by its surface ECG appearance 
of sawtooth flutter waves in the inferior leads. In 71 
consecutive cases of spontaneously occurring atrial 
flutter, “common” flutter was present in 63 (89%). 
Four cases exhibited “uncommon” flutter (positive 
F waves in leads I and II), and in three cases no F 
waves were visible. Endocardial mapping was car- 
ried out in 53 cases. 220 sites were mapped (46 high 
anterior or lateral right atrium (HRA), 67 mid ante- 
rior or lateral (MRA), 70 low anterior or lateral 
(LRA), and 38 septal RA or coronary sinus). In 16 
cases, 19 sites demonstrated fractionated or split 
electrograms (10 MRA, 9 LRA), consistent either 
with local block or slow activation. Split activation 
was more likely to occur in the mid or low ante- 
rolateral RA (p<0-005). Lateral RA wall activation 
was determined in 39 cases of common flutter (133 
sites), and was upwards in seven, downwards in 27, 
and discordant (suggestive of local block) in five. 
Split potentials were present in 12 of these cases, 
unassociated with activation pattern. In uncommon 
flutter (11 sites, 4 cases), lateral RA was activated 
upwards in two, downwards in one, and discordantly 
in one. Three split electrograms were seen. When 
septal activation could be determined (eight cases), it 
was codirectional with lateral wall activation in four 
and opposite in four. Atrial activation was seen 
throughout the flutter cycle, but more RA sites 
(42%) were activated during the second half of the 
surface F wave than at any other part of the cycle. 
Atrial stimulation was carried out during atrial 
flutter at 54 sites. Fully compensatory (type II) 
pauses after atrial extrasystoles were seen at 17 sites 
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and reset (type I) was observed at 37 sites. Type I 
response was seen most often at LRA sites (12/14), 
and less often at MRA (11/17), HRA (7/11), and 
septal (7/12) sites (p <0 02). No definitive evidence 
for a common site of the macro reentry circuit in 
human atrial flutter was found. However, split or 
fractionated electrograms were only seen in the mid 
and low anterolateral RA, and were particularly 
associated with type I sites in the LRA. Thus it 
appears that the reentry circuit ın human atrial 
flutter is more likely to involve this portion of the 
right atrium. This finding suggests that it may be 
possible to direct ablative treatment to this area. 


For how long after cessation does smoking 
continue to act as a risk factor for the devel- 
opment of coronary heart disease and does the 
in-hospital course of a first myocardial 
infarction differ in non-smokers, ex-smokers, 
and current smokers? 


K Robinson, R Conroy, R Mulcahy 
Cardiac Department, St Vincents Hospital, Dublin, 
Ireland 


We studied 978 consecutive patients admitted with a 
first myocardial infarction or episode of acute coro- 
nary insufficiency to examine differences between 
non-smokers, ex-smokers, and current smokers in 
risk factor profile, presentation, and in-hospital out- 
come. Non-smokers were older than either ex- 
smokers or current smokers (mean ages 65-6, 62:8, 
and 60-6 years respectively (p « 0-01). Hypertension 
was more common in non-smokers (p «0-01) who 
also had a higher mean serum cholesterol concen- 
tration (p<0-05). A stepwise logistic regression 
model selected age and hypertension as indepen- 
dently discriminating non-smokers from current 
smokers (p<0:01). Applying this function to ex- 
smokers, patients who had stopped smoking less 
than 15 years before admission had a similar risk 
factor profile to current smokers, while those who 
had stopped for at least 15 years had a profile resem- 
bling non-smokers (p<0-05). Non-smokers were 
more likely to have anterior infarctions than inferior 
ones (p<0-05), but they had similar peak. cardiac 
enzyme activities to ex-smokers and current smok- 
ers. Their in-hospital mortality (16-7965) was 
significantly higher (p<0-01) than that in ex- 
smokers (7-295) or current smokers (5-4%) They 
also had higher rates of left ventricular failure 
(p «0 01) but not of arrhythmias or of conduction 
defects. When adjusted for age, site, and size of 
infarction and occurrence of complications, non- 
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smokers still showed a significantly higher death rate 
(p=0-025). 

Ex-smokers may carry an increased risk of acute 
coronary heart disease for up to 15 years after stop- 
ping smoking. Non-smokers are older than ex- 
smokers or current smokers at the time of their first 
episode and their higher mortality may reflect more 
severe underlying coronary artery disease. 


Plasma atrial natriuretic peptide: hae- 
modynamic and hormonal inter-relations in 
cardiac impairment 


A M Richards, J G F Cleland, G Tonolo, H J Dargie 
Department of Cardiology and Medical Research 
Council Blood Pressure Unit, Western Infirmary, 
Glasgow 


To explore the inter-relations of plasma atrial 
natriuretic peptide (ANP), renin, and aldosterone 
concentrations and haemodynamic function in car- 
diac impairment, we studied 63 unselected patients 
with cardiac lesions of a broad spectrum of type and 
severity undergoing diagnostic cardiac cath- 
eterisation. Plasma ANP was measured by radio- 
immunoassay after Sep-Pak extraction from plasma. 
Plasma active renin and aldosterone concentrations 
were also measured by radioimmunoassay. Inter- 
relations between plasma ANP, renin, and 
aldosterone concentrations were assessed both in 
normal subjects and in the patient group. Plasma 
concentrations of ANP correlated closely with New 
York Heart Association functional class (r=0 77, 
p «0:001), right atrial pressure (r 0:83, p « 0-001), 
pulmonary arterial wedge pressure (r=0-65, 
p «0:001), and pulmonary arterial pressure (r — 0-70, 
p<0-001). Among normal subjects plasma ANP 
concentrations were 1nversely related to concurrent 
concentrations of renin (r——0:52, n=140, 
p<0001) and aldosterone (r=—038, n=140, 
p<0 001). Plasma renin and aldosterone values cor- 
related positively (r=0-55, n=140, p<0-001). In 
contrast with the inverse relation between plasma 
ANP and both plasma renin and aldosterone seen in 
normal subjects, in the patients with cardiac 
impairment this relation was lost and replaced by 
positive associations between ANP and both renin 
(r=0 31, n=60, p<0-02) and aldosterone (r=0 63, 
n=57, p<0 001). However, the relation of renin to 
aldosterone (r=0-49, n —58, p « 0-001) was not dis- 
turbed by the very high plasma concentrations of 
ANP found in cardiac impairment. 

ANP rises progressively with cardiac impairment. 
Normally plasma ANP and renin-aldosterone acti- 
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vity alter in a reciprocal fashion. Concurrent renin- 
aldosterone system -activation and an increase in 
plasma ANP is a feature of severe cardiac disease and 
may reflect concurrent increases in intra-atrial pres- 
sures together with impaired renal perfusion. 


Does angiotensin converting enzyme 
inhibition reduce myocardial ischaemia in 


patients with stable angina? 


.] S R Gibbs, P A Crean, C Wright, L Mockus, 
M M Shackell, G C Sutton, K M Fox 
National Heart Hospital, London and sas 
Hospital, Uxbridge, Middlesex 


Angiotensin converting enzyme inhibition reduces 
left ventricular diastolic pressure, aortic systolic 
pressure, and sympathetic drive. Such effects should 
reduce myocardial work and oxygen consumption 
and should be beneficial to patients with angina. To 
test this hypothesis, enalapril (10-20 mg/day) was 
evaluated in 12 normotensive patients (age 46-70 
years mean 55) with angina and exercised induced 
ST segment depression. The study was randomised, 
double blind, placebo controlled and crossover with 
each treatment period lasting two weeks. Assessment 
was by angina diaries and maximum symptom lim- 
ited treadmill exercise testing (modified Bruce pro- 
tocol). All medication except glyceryl trinitrate was 
stopped seven days before the start of the study. The 
results for the group as a whole showed a reduction 
in mean (SD) systolic blood pressure at rest from 
134(16) to 118(15) mm Hg (p «0-05) and at peak 
exercise from 165 (30) to 146 (27) mm Hg (p « 0:05). 
Heart rate at rest and at peak exercise was 
unchanged. Frequency of angina attacks and con- 
sumption of glyceryl trinitrate were unaltered by 
enalapril. Total exercise duration on enalapril 
increased from 466(94) to 509(115) seconds (NS) 
and exercise duration to 1 mm ST depression from 
345 (77) to 387 (114) seconds (NS). By contrast with 
these findings for the group, four patients had strik- 
ing prolongation of total exercise time (mean 450 to 
591 seconds) and exercise duration to 1 mm ST 
depression (mean 315 to 435 seconds). 

Although enalapril was not effective in reducing 
myocardial ischaemia in the group as a whole, some 
patients were substantially improved. 


Provocation of ventricular tachycardia by 
high energy catheter ablation of normal atrio- 
ventricular conduction 


D W Davies, A W Nathan, J L Caplin, A J Camm 
St Bartholomew’s Hospital, London 
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Catheter ablation of normal atrioventricular (AV) 
conduction is now the treatment of choice for many 
refractory supraventricular arrhythmias. Although it 
is successful in about 90% of patients a few have 
subsequent ventricular tachycardia (VT) and sudden 
death. Because these might have been caused by the 
ablation procedure we prospectively searched for 
VT in 11 of our patients undergoing catheter 
ablation of normal AV conduction for refractory 
supraventricular arrhythmias. All patients had 
ambulatory ECG recording before and after ablation 
and were studied during programmed ventricular 
stimulation by a standard stimulation protocol 
immediately before and 2-4 days after the pro- 
cedure. 

No patient died during a follow up (15 to 26 
months (mean 20:5)). None of the ambulatory ECGs 
showed VT before or after ablation. In eight patients 
VT was not inducible at either stimulation study. 
Non-sustained VT was inducible in one patient with 
equal facility before and after the ablation. VT 
occurred spontaneously in two patients within 24 
hours of the ablation. Emergency cardioversion was 
required in one but VT was not inducible at the 
stimulation study performed three days after 
ablation and has not recurred. In the other patient 
with early spontaneous VT, the same VT was 
reproducibly initiated at subsequent stimulation 
studies and this patient required prophylactic treat- 
ment 25 months afterwards. One patient had asymp- 
tomatic non-sustained VT (4 beats) documented 
once during follow up eight months after ablation. 

VT may be unpredictably provoked by high 
energy catheter ablation of normal AV conduction 
and usually presents soon after ablation; it should be 
sought and may require longer term treatment. 


A longitudinal study of smooth muscle cell 
turnover within and platelet deposition on 
experimental vein grafts 


J C Chalmers, Denise Syndercombe Court, R Bush, 
C T Lewis, P G Mills 
'The London Hospital, London 


Intimal thickening is an important cause of the long 
term failure of vein grafts. We used a rabbit model 
to assess the time course of platelet deposition and 
smooth muscle cell turnover in grafted vessels. In 
separate operations, one or two weeks apart, accord- 
ing to group, each animal received two jugular vein 
grafts into the carotid artery. Groups of rabbits were 
killed three and five weeks and three and six months 
later and the grafts were harvested. Twenty four 
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hours before death autologous platelets labelled with 
indium-III tropolonate were injected and 45 
minutes before death each rabbit received a pulse 
dose of tritiated [3H] thymidine. Measurement of 
platelet deposition on one graft was derived from 
indium-III counts of the vessel and a blood stan- 
dard. Platelets x 10° g graft tissue (mean (range)) in 
each group were: three weeks 244 (87-472), n=5; 
five weeks 189(111-317), n=7; three months 
101 (52-218), n=6; six months 111 (65-154), n=6. 
One three week old graft and one six month old graft 
were blocked; two grafts were contaminated with 
postmortem clot and these were not measured. 
Intuma was stripped mechanically from the other 
graft and the [2H] thymidine uptake per ug DNA 
was compared with the mean measure obtained from 
the abdominal and thoracic aortas of the same ani- 
mal. The ratio graft: aorta (mean (range)) in each 
group was: three weeks 16:9(5:2-27:6), n=6; five 
weeks  11:6(62-17-0, n=4; three months 
2:2 (0-6-4-8), n2 7; six months 2-0(0 9-3 6), n=6. 
In three grafts, one each from the five week, three 
week, and six month groups, no intima or turnover 
could be detected. The activity of smooth muscle cell 
- turnover rose and fell in parallel with platelet deposi- 
tion. At six months while platelet deposition appears 
to have reached a steady state, the rate of smooth 
muscle cell turnover 1n the grafted tissue was still 
double that observed in the aorta. Any treatment that 
might be directed against smooth muscle cell turn- 
over in order to reduce graft intimal thickening 
therefore needs to continue for at least six months 


after grafting. 


Morphology of coronary arterial lesions and 
early thrombotic occlusion after percutaneous 
transluminal coronary angioplasty 


M Been, M Buchalter, D S Reid, D O Williams, 
O Weldon 

Regional Cardiothoracic Centre, Freeman Hospital, 
Newcastle upon Tyne 


Early thrombotic occlusion occurred in eight (24%) 
of 33 consecutive patients who intitially had success- 
ful percutaneous coronary angioplasty (PTCA) for 
unstable angina. Five of these had successful repeat 
PTCA and three had emergency coronary bypass 
grafting. This unexpectedly high event rate led us to 
analyse the coronary artery lesion morphology to 
determine whether it was possible to predict those at 
risk from early thrombotic occlusion. The coronary 
artery lesions were retrospectively analysed by two 
angiographers who did not know the outcome of the 
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PTCA. The coronary lesions were classified into 
three groups according to their complexity and irre- 
spective of the severity of the stenosis. Eight patients 
had symmetrical smooth lesions (type 1), nine 
patients had asymmetrical smooth lesions (type 2), 
and sixteen patients had more complex asym- 
metrical, irregular, or “punched out" lesions (type 
3). Clinical characteristics were similar in the three 
groups. One cf the eight patients with type 1, one of 
the nine with type 2, and six of the 16 with type 3 
lesions had early thrombotic occlusion. 

Although PTCA is an effective treatment for 
unstable angina patients with unstable angina and 
angiographic complex lesions are at risk from early 
thrombotic occlusions after PTCA. 


Possible pitfalls when mean aortic valve gra- 
dient alone is used to grade aortic stenosis 


M J Griffith, C M Carey, D J Coltart, B S Jenkins, 
M M Webb-Peploe 

Cardiac Department, St Thomas’s Hospital, 
London : 


Echocardiographic and Doppler estimation of mean 
aortic valve gradient (MAVG) compares well with 
invasive measurements. Although MAVG gives an 
approximate assessment of the severity of aortic 
stenosis misclassification may occur with abnormal 
stroke volumes. This is a particular problem when 
echocardiographic and Doppler determination of 
stroke volume is unreliable, for example in mixed 
aortic valve disease or left ventricular dilatation. 
Gorlin’s formula for aortic valve area (GAVA) incor- 
porates stroke volume and is accepted as a good mea- 
sure of the severity of aortic stenosis. Therefore, we 
compared MAVG with GAVA to see how frequently 
MAVG alone would misclassify aortic stenosis. 636 
patients with aortic stenosis (with or without regur- 
gitation) who had undergone full cardiac cath- 
eterisation were reviewed. Patients with mitral valve 
disease were excluded. MAVG and systolic ejection 
period were averaged over at least five beats. Cardiac 
output was determined by dye dilution unless there 
was significant aortic regurgitation, in which case 
angiographic data on ventricular volume were used. 
GAVA was calculated and then compared with 
MAVG. We looked for a value of MAVG which 
could be used as a sensitive and specific predictor of 
critical aortic stenosis (GAVA<0-75 cm?). With 
MAVG>30 mm Hg there were few false negatives 
(16/165 (9%)) but many false positives (139/471 
(29%)), giving a sensitivity of 95% and a specificity 
of 48%. MAVG>60 mmHg gave far fewer false 
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positives (26/210 (12%)) but more false negatives 
(164/426 (38-5%)) with a sensitivity of 53% and 
specificity of 91%. All patients with MAVG> 110 
mm Hg had critical aortic stenosis and no patient 
with MAVG «20 mm Hg had critical aortic steno- 
sis. However, these limits included only 11% of 
patients. These results demonstrate the importance 
of measuring stroke volume in all patients when 
echocardiographic and Doppler are used to evaluate 
aortic stenosis. 


Infarct sizing: comparison of technetium-99m 
pyrophosphate tomography and creatine 
kinase-MB release 


P S Robinson, C M Tonge, M D Joy 
St Peter's Hospital, Chertsey, Surrey 


Measurement of the extent of myocardial necrosis 
provides a major predictor of morbidity and mor- 
tality after infarction and is important for the assess- 
ment of interventions to limit infarct size. Release of 
myocardial creatine kinase (CK-MB) is used as a 
reference technique but release kinetics may be 
affected by interventions such as thrombolysis. 
Imaging acute infarction with technetium-99m 
pyrophosphate offers qualitative information but the 
determination of infarct volume by single photon 
emission tomography (SPECT) should provide 
quantitation of the extent of necrosis. We have stud- 
ied 20 patients admitted to a coronary care unit 
within six hours of the onset of acute infarction. The 
extent of myocardial necrosis was determined by 
measurement of CK—MB release over 96 hours after 
the onset'of symptoms. Planar and SPECT pyro- 
phosphate myocardial imaging was undertaken 
between 24 and 72 hours after infarction. In ‘17 
patients with uncomplicated acute infarction a good 
correlation was demonstrated between cumulative 
CK-MB release and the volume of myocardial pyro- 
phosphate uptake measured by SPECT (r=0-92). 
Similar correlations were obtained for eight patients 
with anterior infarction (r=0 90) and nine patients 
with inferior infarction (r=0-94). SPECT provides 
a more accurate measurement of the extent of myo- 
cardial necrosis than that obtained from planar imag- 
ing and offers advantages in terms of infarct local- 
isation. Three patients were given intravenous 
streptokinase within four hours of the onset of major 
symptoms and substantial alterations of CK-MB 
release kinetics were demonstrated. In this limited 
study the relation between cumulative CK-MB 
release and myocardial pyrophosphate uptake 
appeared to be maintained. 
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'lTechnetium-99m pyrophosphate myocardial 
SPECT is a promising technique for sizing acute 
infarction. The technique is not influenced by the 
site of infarction and may have advantages when 
interventions that alter myocardial enzyme release 
kinetics are used. Further studies in the setting of 
intervention with tissue plasminogen activator are 
planned. 


Significance of left ventricular gradient in 
hypertrophic cardiomyopathy 


Y Yonezawa, Shaughan Dickie, P Nihoyannopoulos, 
J P Lavender, Celia M Oakley, W J McKenna 
Royal Postgraduate Medical School, Hammersmith 
Hospital, London 


The significance of left ventricular (LV) gradients in 
hypertrophic cardiomyopathy (HCM) is contro- 


- versial. To assess the proportion of stroke volume 


left in the left ventricle at the onset of systolic ante- 
rior motion (SAM) of the mitral valve we performed 
concurrent technetium-99m radionuclide cine- 
angiography and colour flow mapping with con- 
tinuous and pulsed wave Doppler echocardiography 
in 41 consecutive patients with HCM. Twelve had 
complete SAM with septal contact, 14 had incom- 
plete SAM without septal contact, and 15 did not 
have SAM; none had moderate/severe mitral regur- 
gitation. The peak velocity of blood flow was 
significantly greater in complete SAM (3-8 (1) m/s vs 
incomplete 1 8(0-3) and vs no SAM 1-4(0-3) m/s). 
Radionuclide peak ejection rates (3-9 (0-7), 3-9 (0-8) 
and 3 9(1 0) EDV per s and ejection fraction (78 (9), 
76 (8), and 75(7) per cent) were similar. The time 
from the R wave to the onset of SAM septal contact 
was 232 (37) ms. The proportion of stroke volume 
ejected by SAM septal contact in patients with com- 
plete SAM was 48-89%, median 72 (14), and after 
230 ms in patients with incomplete SAM and no 
SAM it was 70 (10) and 73 (14) per cent respectively. 
In patients with complete SAM the magnitude of the 
LV gradient was inversely related to the proportion 
of stroke volume ejected (r=0 71, p<0-01). 

These findings suggest that HCM with or without 
a LV gradient is associated with rapid, early, and 
near complete systolic emptying, but in a minority, 
particularly those with early onset of SAM and large 
gradients, there is considerable residual stroke vol- 
ume after SAM septal contact that is consistent with 
"obstruction". 
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Serodiagnosis of Streptococcus faecalis endo- 
carditis by immunoblotting of surface protein 
antigens 


Grace Smith, I D Farrell, Eileen Aitchison, P A 
Lambert 

Public Health Laboratory, East Birmingham Hospi- 
tal, and Department of Pharmaceutical Sciences, 
Aston University, Birmingham 


Endocarditis caused by Streptococcus faecahs 18 
becoming more common, particularly in elderly 
men, and the condition remains difficult to treat. 
Surface protein antigens, expressed by serum-grown 
bacterial cells, have been used as the basis for a sero- 
diagnostic test for S faecalis endocarditis. Three 
major species specific surface protein antigens, 
molecular weights 73, 40, 37 kd, can be demon- 
strated after separation of bacterial components by 
sodium dodecyl sulphate polyacrylamide gel electro- 
phoresis followed by electrophoretic transfer on to a 
nitrocellulose membrane. The antigens are incu- 
bated with serum from patients with endocarditis 
and the antibodies that react with anugens on the 
membrane are visualised with a protein A- 
horseradish peroxidase conjugate. Antibody to at 
least one of the species specific antigens was detected 
in the serum of all six patients with S faecals endo- 
carditis who were tested. Serum antibodies to anti- 
gens prepared from other species of streptococci 
were not detected 1n any of these patients. Serum 
from 129 patients with various infections did not 
react with any of three species specific antigens. 
These included serum from patients with endo- 
carditis caused by microorganisms (32), a sep- 
ticaemias (34), S faecalis infections at other sites (50), 
and patients undergoing continuous ambulatory 
peritoneal dialysis (13). False positive reactions were 
seen in serum from three patients, however; one 
patient had had an episode of S faecahs endocarditis 
six months before collection of serum for the test; 
one had prolonged S faecalis colonisation of a neph- 
rostomy tube, and one had endocarditis caused by a 
nutritionally variant streptococcus. 


Prognostic criteria in post-infarction ventric- 
ular septal defect 


G D Angelini, W J Penny, M S T Ruttley, AH 
Henderson 
Cardiac Unit, University Hospital of Wales, Cardiff 


Mortality from post-infarct ventricular septal defect 
can be reduced by operation, selection for which 
would be helped by knowledge of factors affecting 
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postoperative prognosis. We reviewed our eight year 
experience of 38 surgically treated patients, and 
compared the preoperative characteristics in those 
who died postoperatively (14) with those who sur- 
vived (24, all still alive). Sex, age, infarct size (peak 
creatine kinase), left ventricular end diastolic pres- 
sure, pulmonary:systemic flow ratio (3-1(0-8) vs 
3-0(0-7), mean (SE)), and blood urea were similar in 
the two groups. Non-survivors had significantly 
more inferior myocardial infarction (57 vs 21%), car- 
diogenic shock (64 vs 29%), right ventricular coro- 
nary perfusion graded (on the basis of assessment, 
blind of outcome, of angiographic anatomy, site of 
occlusion or stenosis, and overt collateral supply) as 
bad (8/11 vs 1/19), and higher right ventricular end 
diastolic pressure (15-0(1-0) vs 11-2(1-1) mm Hg). 
Of the nine with inferior infarcts who had angio- 
graphy, four graded as having bad right ventricular 
perfusion all died; only one of the other five died 
(from incidental haemorrhage). Of the 21 patients 
with anterior infarcts by angiography, four of the five 
graded as having poor right ventricular perfusion 
died; only two of those graded as having good right 
ventricular perfusion died (one from perioperative 
inferior infarct and one with grossly impaired left 
ventricular function). 

Prospective evaluation of factors predictive of out- 
come singly or in combination may help to identify 
those patients most likely to benefit from operation. 
The data show the importance of right ventricular 
function. The angiographic findings raise the possi- 
bility that prognosis might be improved by 
revascularisation or mechanical support or both 
where right ventricular perfusion is compromised. 


Recombinant tissue plasminogen activator in 
the early phase of acute myocardial infarction 


AJ McNeill, J S Shannon, S R Cunningham, D J 
Flannery, N P S Campbell, M M Khan, G C Pat- 
terson, S W Webb, A A J Adgey 

Regional Medical Cardiology Centre, Royal Victoria 
Hospital, Belfast, Northern Ireland 


Thirty six consecutive patients (30 men, 6 women; 
mean age 58 years (42-71)) were randomised at 
20-240 minutes (mean 140) from onset of pain to 
receive 20, 50, or 100 mg of recombinant tissue plas- 
minogen activator (rt-PA) by intravenous infusion 
over 90 minutes. At 90 minutes coronary angio- 
graphy was performed. Fifteen patiens had grade 3, 
6 had grade 2, nine had grade 1, and six had grade 0 
reperfusion of the infarct related artery (0 vessel 
occluded, 3 distal flow as rapid as in a non-infarct 
related artery). Grade 2 or 3 reperfusion occurred in 
four of the 12 on 20 mg, seven of the 12 on 50 mg, 
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and ten of the 12 on 100 mg. All nine patients given 
rt-PA up to 80 minutes after the onset of pain had 2 
grade 2 reperfusion. Thirty four of the 36 patients 
received a further 50 mg rt-PA iv over 1-5 hours. 
Heparin was then started in 33 patients and con- 
tinued for 1-10 days. During hospital admission 
three patients developed clinical signs of reocclusion 
proven in two at repeat angiography. Gated blood 
pool scans in 27 patients at an average of 43 hours 
(16-104) after the onset of pain and regional third 
ejection fractions (RTEFs) calculated for septal, 
inferior, and posterior segments from the left ante- 
rior oblique 45? views showed tbat the infarct related 
RTEF for 13 patients with grade 2 or 3 reperfusion 
was 50-3 (4:98% ) (mean (SEM)) whereas for patients 
with grade 0 or 1 reperfusion ıt was 32:3(5-1%). 
Peak creatine kinase MB ranged from 31 to 1009 and 
peak total.creatine kinase from 302-24 060 U/I (nor- 
mal CK-MB up to 25 and CK 140 U/l): During 
rt-PA there was a slight reduction in serum 
fibrinogen. No significant bleeding occurred during 
rt-PA, and during heparin one patient required one 
unit of blood. During hospital admission, four 
patients died from cardiogenic shock. 

rt-PA (100 mg) is a most effective thrombolytic 
agent. When it was administered within 80 minutes 
of onset of chest pain rt-PA allowed reperfusion 
regardless of dose. Reocclusion, bleeding compli- 
cations, and reduction in serum fibrinogen were 
minimal. 


Haemodynamic response to ibopamine: evi- 
dence for differential activity on the venous 
and arterial sides 


K J Hogg, R S Hornung, C A Howie, W S Hillis 
Department of Materia Medica, University of 
Glasgow, Stobhill General Hospital, Glasgow 


Ibopamine is an orally active dopamine derivative 
which has been used as a positive inotrope in patients 
with congestive cardiac failure (CCF). The hae- 
modynamic effects of an oral dose of 200 mg ibo- 
pamine were measured invasively in eight patients 
who had significant left ventricular dysfunction (pul- 
monary capillary wedge pressure >15 mmHg). A 
thermodilution ‘balloon catheter was placed in the 
pulmonary artery to record right atrial pressure 
(RAP), pulmonary arterial pressure (PAP), wedge 
pressure (PCWP), and cardiac output (CO). The 
aortic and left ventricular pressures were measured 
and the contractility indices dP/dt and dP/dtp’ 
derived. Baseline values were recorded and mea- 
surements were made every 15 minutes for an hour 
after dosing. A rise in cardiac output from 5-9 (1-6) 


583 


l/min to 7-5(1-1) l/min (p<0-05) was seen at 45 
minutes with a concomitant rise in heart rate from 
73(9) beats/minute to 93(24) beats/minute 
(p<0-01). The systemic vascular resistance showed 
an early fall from 1435 (357) pre-dose to 1227 (351) 
dyne s^! cm 5 at 15 minutes which was sustained at 
one hour. However, an early rise in right sided 
venous pressures was seen at 15 minutes, the RAP 
rising from 4(2) mm Hg to 7(2) mm Hg (p<0-05) 
and returning to baseline values at one hour. Similar 
profiles were seen with mean PAP (23 (8) mm Hg to 
34(10) mm Hg at 15 minutes (p « 0:001) and mean 
PCWP (14:6(7 mmHg to 25(13) mmHg at 15 
minutes (p «0-01)). There was a smaller rise ın left 
ventricular end diastolic pressure at 15 minutes from 
27(5-5) mmHg to 33(6:0) mm Hg. The derived 
indices of contractility, dP/dt and dP/dt p', showed 
a moderate rise at 45 minutes (1356 (254) pre-dose to 
1854(589) and 221(4-8) pre-dose to 24-6(3-4) 
respectively (NS). These results suggest a 
differential effect on venous and arterial sides which 
may be explained by selective pulmonary 
venoconstriction or differential stimulation of g and 
B receptors. 


The need for coronary arteriography in 
patients with aortic valve disease 


C M Carey, M J Griffith, D J Coltart, B S Jenkins, 
M M Webb-Peploe 
Cardiac Department, St Thomas's Hospital, London 


It has been suggested that because of improvements 
in non-invasive assessment of patients with aortic 
valve disease (AVD) preoperative cardiac cath- 
eterisation may be unnecessary, particularly if there 
is no history of chest pain. It is known that some 
patients with AVD have significant coronary artery 
disease (CAD) despite the absence of chest pain. 
How large is this group and does it have any dis- 
tinguishing features? Over a 12 year period 921 
adults underwent cardiac catheterisation to assess 
the severity of AVD. Right and left heart cath- 
eterisation and coronary arteriography were per- 
formed in all cases. Patients with mitral valve disease 
were excluded. 481 patients had angina or atypical 
chest pain and 170 (35-394) of these had CAD. 440 
patients gave no history of chest pain; 73 (16:696) of 
these patients had CAD. Comparison of the sub- 
group without chest pain with the overall group 
showed that patients without pain were older 
(p <0-00001) and had a higher incidence of syncope 
(p « 0-0007). Differences in other risk factors includ- 
ing sex, family history of CAD, other vascular dis- 
ease, smoking, diabetes, and hyperlipidaemia, how- 
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ever, were not significant. In the group without pain 
the youngest man was aged 40 and the youngest 
woman 56. In the total group there were 242 patients 
aged «50 of whom 12 men and two women had 
CAD. No patient aged «40 (n=100) had CAD 
although two had important coronary artery anoma- 
lies. In the group of patients without chest pain aged 
> 40 (n=378) 19-395 had CAD. 

These findings suggest that even when there is no 
history of chest pain there is an appreciable fre- 
quency of CAD in patients with AVD aged > 40. At 
present coronary arteriography is the best method of 
identifying this group. 


Myocardial capillary basement membrane 
thickness in young diabetics 


C Sutherland, B M Fisher, B M Frier, G B Lindop, 
H J Dargie 
Western Infirmary, Glasgow 


Previously we have reported an impaired ejection 
fraction response to exercise in young diabetics. To 
investigate the contribution of small vessel disease to 
this abnormality of ventricular function, we com- 
pared endomyocardial right ventricular biopsy 
specimens from seven symptom free type 1 (insulin 
dependent) diabetic patients aged 30—50 years with 
biopsy specimens from seven non-diabetic age and 
sex matched controls examined by light and electron 
microscopy. The diabetic patients had normal coro- 
nary arteriograms but all showed a reduced ejection 
fraction on exercise. Myocardial capillary basal lam- 
inar thickness was measured by electron microscopy. 
No significant difference 1n basal laminar thickness 
was demonstrated between diabetic (mean 79:3 nm) 
and control patients (mean 73:0 nm). Light micros- 
copy showed significant but non-specific interstitial 
fibrosis in five diabetic patients and arteriolar thick- 
ening in two diabetic patients. 

Thus impaired ventricular function in young 
asymptomatic type 1 diabetics 1s associated with 
significant histological abnormalities. These, how- 
ever, are not related to coronary artery disease or to 
capillary basement membrane thickening which has 
been described as a characteristic feature of diabetic 
capillaries in several other organs including kidney, 
skin, and skeletal muscle. 


Rapid termination of supraventricular tachy- 
cardia in children by adenosine 


B Clarke, Janice Till, E Rowland, D E Ward, P J 
Barnes, E A Shinebourne 
Brompton Hospital, London 


Proceedings of the British Cardiac Society 


The purine nucleoside adenosine is an effective anti- 
arrhythmic agent in man, impairing atrioventricular 
nodal conduction and thereby terminating reentrant 
supraventricular tachycardia (SVT). Three neonates 
and one older child (aged 10 years) presented with 
seven episodes of SVT refractory to other agents. 
The neonates were all 1n cardiac failure because of 
prolonged SVT associated with the presence of an 
accessory pathway. The older child underwent elec- 
trophysiological study for investigation of recurrent 
atrioventricular nodal tachycardia. In each case ade- 
nosine was given intravenously in increments of 0-05 
mg/kg, up to a maximum of 0-25 mg/kg. Termi- 
nation of tachycardia was achieved in each case 
within 20 seconds of injection (range 9-20). No 
change in blood pressure was observed in any 
instance. In two patients inspection of the ECG 
immediately after termination of the tachycardia 
allowed a definitive diagnosis of the mechanism. The 
presence of atrial echo beats in one child and ante- 
rograde concuction down an accessory pathway in 
another (the appearance of delta wave on the ECG) 
provided evidence of a potential reentry circuit. 

Adenosine is a safe and effective drug for the diag- 
nosis and shert term termination of SVT in severely 
ill children. The very short half life in human blood 
(10-20 seconds) allows rapid and accurate dosage 
titration and ensures that any possible side effects are 
transient. 


Haemodynamic changes during early human 
pregnancy: an M mode and Doppler echo- 
cardiographic study 


S C Robson, R Boyes, W Dunlop, S Hunter 
Freeman Hospital, Newcastle upon Tyne 


Many of the haemodynamic changes that occur dur- 
ing pregnancy are thought to occur during the first 
trimester bu: the size and timing of these changes 
have not been adequately documented. We have 
used cross sectional, M mode, and Doppler echo- 
cardiography to study the changes in cardiac hae- 
modynamic function during the first trimester of 
pregnancy. Twelve women were recruited before 
conception Investigations were performed on day 
21 of two consecutive menstrual cycles. After con- 
ception, investigations were repeated 5, 8, and 12 
weeks after the last menstrual period. Mean (SEM) 
cardiac output has increased from 4-85 (0-11) l/min 
to 5:42 (0:11) l/min by five weeks (p « 0:001). This 
increase was primarily due to an increase in heart 
rate from 74(1) to 79 (1) beats/min (p « 0:01). By 12 
weeks cardiac output had increased to 6:58 (0:11) 
l/min (p « 0-001) due to a further increase in heart 
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rate to 83 (1) beats/min (p « 0-001) and an increase in 
stroke volume from 65:1(10) to 79-9(1-9) ml 
(p « 0-001). End diastolic left ventricular dimension 
and left atrial dimension had increased by eight 
weeks (p «0 001). Myocardial contractility, as mea- 
sured by M mode echocardiography, had increased 
by five weeks (p « 0-001). 

Cardiovascular adaptation occurs earlier in preg- 
nancy than previously reported. Echocardiography 
is ideally suited to the measurement of hae- 
modynamic changes during pregnancy. 


Atrioventricular relations during tachy- 
cardia: are they useful for diagnosis? 


D W Davies, C Sponzilh, Elizabeth B Cornu, 
Lorraine K Holley, D A Richards, A J Camm 

St Bartholomew's Hospital, London and Westmead 
Hospital, Sydney, Australia 


Analysis of the temporal relation of atrial and ven- 
tricular depolarisation may allow recognition of 
tachycardia by implanted dual chamber devices 
especially if atrioventricular or ventriculoatrial block 
is present. Difficulty arises when there is a 1:1 atrio- 
ventricular relation in tachycardia. We therefore 
examined the temporal relations of atrial (A) and 
ventricular (V) electrograms obtained at clinical 
electrophysiology studies during sinus rhythm and 
58 episodes of junctional reentry tachycardia (JRT) 
from 58 patients aged from 6 to 72 (mean 38-2) years; 
26 had ventricular preexcitation. There were 28 epi- 
sodes of atrioventricular nodal reentry tachycardias, 
30 of atrioventricular reentry tachycardias with 18 
left (four concealed), 10 septal, and two right sided 
accessory pathways. If sinus rhythm was not pre- 
excited, the AV interval was corrected to JRT rate by 
Lepeshkin’s formula (SRc) but the AV interval was 
assumed to remain constant at all rates with pre- 
excited sinus rhythm. The ratio of AV:VA intervals 
present during JRT was then compared with those 
during sinus rhythm of JRT rate. 

AV:VA ratios (mean and range) for SRc vs JRT 
were respectively: 0:51 (0-33-0-81) vs 16-5 (2-7-70) 
for atrioventricular nodal reentry tachycardias; 1 47 
(0-244 25) vs 194 (0 54-25) for atrioventricular 
reentry tachycardias with septal accessory pathways; 
1316 (07-161) vs 1-78 (096-315) for atrio- 
ventricular reentry tachycardias with overt left 
accessory pathways; 077 (0:64-0:91) vs 169 
(1:17-2:13) for atrioventricular reentry tachycardias 
with concealed left accessory pathways; and 0:77 
(0-29 and 0 48) vs 1 62 (1-14 and 2 09) for atrio- 
ventricular reentry tachycardias with right accessory 
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pathways. AV:VA ratio analysis reliably allowed dis- 
tinction between atrioventricular nodal reentry 
tachycardia and sinus rhythm with wide differences 
always present. Individual and overall similarities of 
AV:VA ratios in preexcited sinus rhythm and atrio- 
ventricular reentry tachycardias make distinction of 
these unreliable by this method. 


Rate responsive pacing: is there already a dual 
sensor system? 


S C Webb, L M Lewis, Jayne A Morris- Thurgood, 
R GB Palmer, J E Sanderson 

Royal Postgraduate Medical School, London and 
Musgrove Park Hospital, Taunton, Somerset 


Respiratory dependent pacemakers sense regional 
variations in chest wall impedance and increase the 
heart rate in response to exercise induced hyper- 
ventlation. We have observed disproportionate 
increases 1n heart rate during certain forms of exer- 
cise, suggesting that the sensor also responds to non- 
respiratory movement. To test this hypothesis, ECG 
telemetry was used to record the heart rate response 
to a range of activities in five patients with complete 
heart block and respiratory dependent pacemakers 
(Biotec RDP3). Heart rate rose from 72(2) 
beats/min, mean (SEM)) at rest to 115(6) when 
patients were walking normally but fell to 88(6) dur- 
ing continued walking with restricted arm move- 
ment. Voluntary hyperventilation while standing 
sull caused heart rate to rise to a peak of 96(7) 
beats/min. Heart rate increased to 119(11) beats/min 
when the arm ipsilateral to the pacemaker was 
swinging regularly but only reached 88(4) when the 
contralateral arm was swung. 

The sensitivity of the respiratory sensor to arm 
movement should be taken into account when pro- 
gramming the RDP3 pacemaker and may pro- 
foundly affect the heart rate response to different 
forms of daily exercise. Appropriate signal pro- 
cessing may enable a single sensor to respond to both 
respiration and activity. These could then provide 
the inputs for a dual sensor rate responsive algo- 
rithm. 


A transseptal aortic balloon valvotomy 


J C P Crick, G J Davies, M Impallomeni, Celia M 
Oakley 

Hammersmith Hospital, Royal Postgraduate Medi- 
cal School, London 
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Aortic valvotomy by balloon catheter offers the hope 
of at least temporary relief of severe stenosis in 
patients unable to undergo valve replacement. Two 
major technical problems have been encountered 


when performing aortic valvotomy by the retrograde _ 


approach. The balloon position becomes unstable 
during inflation and removal of the deflated balloon 
through the arteriotomy causes local damage and 
consequent difficulty with haemostasis. An alterna- 
tive technique has been devised that uses the femoral 
venous route to pass a guide wire across the atrial 
septum to the left ventricle and through the aortic 
valve. The dilatation catheter, single balloon type, is 
then passed over the wire and across the aortic valve. 
Traction applied to the catheter easily prevents sys- 
tolic propulsion of the balloon into the aorta during 
inflations to 4 bar. Initial clinical experience showed 
that this technique overcame both problems and was 
successful in reducing the transvalvar gradient by 
>50% with no aortic regurgitation. There were no 
difficulties in crossing the septum with the balloon 
catheter and no subsequent shunt at atrial level. 
We conclude that the transeptal venous route may 
be preferable for aortic valvotomy. Further favour- 
able experience may widen the indications for the 
procedure and justify a randomised trial to compare 
its results with those of surgery in elderly patients. 


A comparison of the effects of substance P and 
calcitonin gene related peptide on resistance 
vessels and veins in man 


J R McEwan, N Benjamin, S Larkin, R W Fuller, I 
MacIntyre, C T Dollery 

Departments of Chnical Pharmacology, Medicine, 
and Chemical Pathology, Royal Postgraduate Medi- 
cal School and Department of Pharmacology, St 
George's Hospital Medical School, London 


The localisation of neuropeptides in the cardio- 
vascular system has suggested a physiological role 
for peptidergic nerves ın cardiovascular regulation. 
We compared the effects of substance P and calci- 
tonin gene related peptide (CGRP) on resistance 
vessels, by measuring forearm blood flow by venous 
occlusion plethysmography during brachial artery 
peptide infusion, and also on the tone of superficial 
veins at rest after preconstriction by noradrenaline 
or after constriction stimulated by the single deep 
breath reflex. Incremental doses of CGRP caused a 
dose dependent increase in forearm blood flow (from 
3-28 (0-56) to 9-08 (2 12) ml/min/100 ml forearm 
volume at 10 pmol/min (n = 6, p < 0-01, analysis of 
variance). Substance P caused a dose dependent 
increase in forearm blood flow from 2-18 (0-39) to 
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6:14 (1-72) ml/min/100 ml at 1:5.pmol/min. During 
a 30 min infusion of substance P the initially 
increased flow decreased, suggesting tachyphylaxis; 
increased flow caused by CGRP was maintained. 
The biological effective half life of CGRP was 18, 
minutes while that of substance P was approximately 
15 seconds. Venous infusion of substance P did not 
affect resting venous tone but it relaxed those veins 
constricted by noradrenaline and also inhibited the 
venoconstrictor reflex. The lowest- effective dose of 
substance P was 100 fmol/min but there was rapid 
development of tachyphylaxis and a dose response 
curve could not be constructed. CGRP had no effect 
on the veins. 

CGRP and substance P have different patterns of 
onset and offset of actions and tachyphylaxis, sug- 
gesting different modes of action on blood vessels, 
though both may be involved in the control of vascu- 
lar smooth muscle tone. 


Good Hearted Glasgow: The Greater Glasgow 
Health Board multiple risk factor intervention 
programme for cardiovascular disease 


Elaine McCabe, Patricia M Birkett, L A G Davidson 
Department of Community Medicine, Greater 
Glasgow Health Board, Glasgow 


Scotland now has the highest standardised mortality 
rate (SMR) for coronary heart disease (CHD) in the 
world. The Glasgow SMR is 10% higher than that 
in the rest of Scotland. 45% of all deaths in Glasgow 
are caused by CHD and stroke. The daily average 
bed use in Glasgow for the management of all aspects .. 
of CHD and stroke is 1294 of which 418 are in the 
acute sector. The estimated hospital inpatient cost to 
the Health Board is over £30 million per annum 
excluding medical costs. The Glasgow MONICA 
Project has confirmed that over 75% of sudden 
deaths due to CHD occur before the victim can be 
admitted to hospital. In May 1985 the health board 
committed itself to a 10 year multiple risk factor 
intervention programme at an éstimated overall cost 
of £8 million with the object of reducing the inci- 
dence and effects of CHD in Glasgow by 10% in 10 
years. The strategy adopted is to provide a major 
community education programme about alterable 
risk factors and improved life style: 

(a) By further developing the Glasgow 2000 Cam- 
paign to make Glasgow a smoking free city by 
the-year 2000. 

(b) By issuing dietary guidelines based on the 
Committee on the Medical Aspects of Food 
Policy Report, including animal fat reduction 
by 25% with substitution of unrefined carbo- 


Proceedings of the British Cardiac Society 


hydrate and fibre and promotion of increased : 


physical activity. 
(c) By providing, through general practice, 
screening of all Glaswegians aged between 20 
and 50 (an estimated population of 400600) 
for assessment of general health state, blood 
pressure, and blood cholesterol. Subjects with 
abnormal findings will be absorbed into the 
primary care and hospital system as appropri- 
ate. Following guidelines laid down in the 
Manual of Recommended Practice, individu- 
alised advice will be available to all persons 
screened. 
(d) By deyeloping community networks and spe- 
cial intervention for special groups. 
The project and a pilot campaign covering 20% of 
the Glasgow population will be reported. Full cov- 
erage will be available by 1988. 


Effects of lower body positive pressure on 
plasma atrial natriuretic peptide and sodium 
excretion in cardiac transplant patients 


MD Gammage, MR Wilkins, L B Tan, H M Lewis, 
WA Littler 
Departments of Cardiovascular Medicine and Clin- 
ical Pharmacology, East Birmingham Hospital, 
Birmingham 


Animal studies have suggested that the renal 
response to increased atrial pressure (a stimulus to 
atrial natriuretic peptide (ANP) release) is impaired 
after cardiac denervation. Recipients of cardiac 
transplants provide a model of cardiac denervation in 
.man. Lower. body positive -pressure (LBPP) 
increases atrial dimension and circulating immu- 
noreactive ANP (Ir-ANP) activity in healthy volun- 
teers. We have studied the effect of LBPP on Ir- 
ANP, water, and sodium excretion in five cardiac 
transplant recipients (mean (SE) age 48 (4) years; 
mean (SE) time post-transplant 33 (10) months) and 
compared the data with those from 10 healthy volun- 
teers (mean age 25 (1) years). All subjects followed 
-the same protocol on each of two days; on one day 
LBPP was applied-by inflation of a Medical Anti- 
Shock Trouser (MAST) suit to 40 mm Hg for one 
hour. Basal Ir-ANP was 58-7 (12-6) pmol/l in trans- 
plant patients and 7-0 (1-0) pmol/l in volunteers 
(p«0-01). After 20 minutes of LBPP, Ir-ANP was 
unchanged in transplant patients but had risen to 
11-1 (1-4) pmol/l in volunteers (p 0:05 compared 
with basal). After 60 minutes of LBPP, Ir-ANP was 
increased in transplant patients (94-0 (15 1) pmol/l; 
p € 0:05) and remained increased in volunteers (11:6 
(0-9) pmol/l). Thirty minutes after removal of 
LBPP, Ir-ANP had returned to basal values in both 
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groups. Sodium excretion and urine flow in trans- 


, plant patients were unaffected by LBPP but sodium 


excretion increased after LBPP (85 3 (9-2) to 117-2 
(14-1) umol/min; p 0-05) and urine flow increased 
during LBPP (2:6 (0-5) to 6:7 (0 8) ml/min; p « 0-05) 
in volunteers. 

'These data confirm the increase in basal ANP in 
cardiac transplant recipients and suggest a blunting 
of the ANP response to LBPP. Furthermore, cardiac 
denervation in man appears to attenuate the 
natriuretic and diuretic response to LBPP. 


Is ventricular fibrillation complicating acute 
myocardial infarction a reperfusion arrhyth- 
mia? ` 


J C Cowan, M Been, I Gibb 


Freeman Hospital, Newcastle upon Tyne 


Spontaneous reperfusion in acute myocardial 
infarction (AMT) is relatively common. For this rea- 
son it has been suggested that ventricular fibrillation 
(VF) complicating AMI may be a reperfusion 


arrhythmia. This suggestion was investigated by 


comparing profiles of creatine kinase (CK) release in 
VF patients with profiles in patients in whom the 
reperfusional state was determined angiographically. 
Nine patients with AMI who developed primary VF 
within four hours of the onset of symptoms were 
studied. Blood samples were drawn four hourly for 
CK estimation. The enzyme curves were compared 
with curves from 27 patients with AMI who received 
intravenous thrombolytic treatment within four 
hours of the onset of symptoms and underwent 
angiography within three hours of treatment. In 
patients with VF the mean (SD) time to peak CK was 
24-3 (3-1) hours (range 19-29 hours). The time to 
peak activity of the CK-MB isoenzyme was similar 
(23-0 (2-7) hours), showing that cardioversion had 
not significantly altered the time course of enzyme 
release. In patients in whom the reperfusion state 
was angiographically defined the mean time to peak 
CK was 10-8 (2-9) hours (17 patients, range 6-15 
hours) 1n those with a patent infarct related vessel, 
compared with 24-0 (5-1) hours (10 patients, range 
16—31 hours) in those with persistent occlusion. 'The 
enzyme release profile in patients with VF therefore 
corresponded closely with that in patients with 
angiographically proven persistent occlusion. 

Our results suggest that reperfusion is not a com- 
mon cause of VF in AMI. As a corollary, the major- 
ity of patiénts with VF complicating AMI have not 
reperfused and may benefit from thrombolytic treat- 
ment. 
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Coronary atheroma evolution: patterns, cor- 
relates, and clinical implications 


M B Buchalter, P J Quigley, M J Walsh, B J Maurer, 


G F Gearty 
Royal City of Dublin Hospital, Dublin, Ireland 


We reviewed 77 patients who had had coronary 
angiography on two occasions. The mean interval 
between the studies was 21:6 months. Between the 
two studies there was a deterioration of symptoms in 
55 patients (71%) and infarction in 15 (19%); while 
in 18 (2395) the symptoms were unchanged. Of the 
274 lesions studied, progression was seen in 97 
(35%), no progression in 144 (53%), and regression 
in 33 (12%). We identified 69 new lesions on the 
second study. No particular artery was susceptible to 
progression but lesions progressed more often in the 
mid segments than the proximal segments of vessels 
(p <0 05). New lesions occurred uniformly through- 
out all segments of all vessels. A change in the mode 
of treatment was suggested in 43% of patients after 
the second study and 45% of those who were ongi- 
nally suitable for operation were either unsuitable or 
required a different graft pattern. In both these 
groups the interval between studies was longer than 
in the groups in which treatment was unchanged 
(p<005). No significant correlation -was seen 
between overall progression, defined as an increase 
in the Gensini score, and either interval or the risk 
factors smoking, hypertension, hyperlipidaemia, or 
family history of ischaemic heart disease. 

Coronary atheroma evolves erratically and unpre- 
dictably without correlation with known risk factors. 
Clinical decisions need to be changed more often as 
the time from the initial study increases. 


The value of exercise testing and thallium 
scintigraphy in identifying patients with myo- 
cardial ischaemia after thrombolytic treat- 
ment 


R S Hornung, K J Hogg, F G Dunn, W S Hillis 
Department of Materia Medica, University of 
Glasgow, Stobhill General Hospital, Glasgow 


Patients who have undergone successful throm- 
bolysis often have a severe residual stenosis of the 
infarct related artery. This may lead to ischaemia in 
the region of the infarct or further infarction if the 
vessel reoccludes. In order to identify these patients 
who may then require angioplasty or coronary artery 
surgery, we performed exercise testing and thallium 
scintigraphy in 58 subjects at a mean interval of 11-6 
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weeks after acute myocardial infarction which had 
been treated successfully by thrombolytic treatment. 
Coronary artery patency was confirmed angio- 
graphically and all patients had a severe residual 
stenosis (> 75%) of the infarct related vessel. Eleven 
(19%) patients had a positive exercise test. Twelve 
(20%) patients were found to have a "reversible" 
thallium perfusion deficit in the regions supplied by 
the infarct related vessel (six patients had both a 
positive exercise test and a reversible thallium per- 
fusion deficit). Forty (69%) patients had a "fixed" 
perfusion deficit and the remaining six patients had 
no perfusion deficit (all inferior mfarcts). There was 
no significant difference in the interval from the 
onset of symptoms of myocardial infarction to the 
administration of thrombolytic treatment between 
the reversible and fixed perfusion deficit groups (2 2 
and 2-9 hours respectively). At the time of study six 
of the 12 patients with reversible thallium deficits 
had developed exertional angina and 12 of the 40 
patients with fixed deficits had become symptomatic 
(correlation, NS); one patient in each group had 
confirmed reinfarction. 

We conclude that exercise testing and thallium 
scintigraphy are of limited value in detecting 
residual myocardial ischaemia after thrombolytic 
treatment even in those patients with continuing 
symptoms. 


Sectional Fourier analysis of gated cardiac 
tomograms 


M Y Nortor, S Walton, N T S F Evans 
Aberdeen Royal Infirmary, Aberdeen 


A technique is described for the production and 
analysis of ECG gated tomograms of the left ventri- 
cle. Tomographic slices were produced with a multi- 
detector emission tomographic scanner, after in vivo 
erythrocyte labelling with technetium-99m. ECG 
gated data were recorded in list mode and later used 
to construct a series of tomograms, which can be 
displayed in any projection as an endless loop movie 
for visual inspection. Further analysis involved the 
derivation of a series of short axis sections at right 
angles to the long axis of the left ventricle. Each was 
split into four segments and the amplitude, phase, 
and ejection fraction of each segment were calcu- 
lated. For each segment and for each variable, a 
“normal” range was constructed from the data from 
11 subjects vith normal wall motion at.cardiac cath- 
eterisation. The values of 13 subjects with abnormal 
wall motion at catheterisation were tested against 
this normal distribution. Abnormal values only were 
displayed on a bulls-eye representation of the ven- 
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tricle. There was complete separation of normal 
and abnormal subjects. Furthermore, the sectional 
analysis provided an accurate reflection of the site 
and severity of the wall motion abnormality. 


Sex differences in the left ventricular response 
to exercise in patients with syndrome X 


J L Caplin, L Favaro, J J Fettiche, D S Dymond 
St Bartholomew's Hospital, London 


Syndrome X, chest pain with evidence of ischaemia 
in patients with normal coronary arteries, remains a 
therapeutic and diagnostic challenge. Early reports 
suggested a female preponderance, but new evidence 
shows an equal sex incidence. To access whether 
there are any differences between the sexes in the 
response of the left ventricle to exercise we used first 
pass radionuclide angiography to study 32 patients 
(18 men, 14 women) with syndrome X. There were 
no significant differences between men and women 
in age, symptoms, or electrocardiographic abnor- 
malities. Resting heart rate was significantly higher 
in women than men (p < 0-05), but exercise heart rate 
was not significantly different. Exercise duration in 
men was 6-6 (2-1) min and in women it was 4-1 (1-5) 
min (p « 0 01). Resting left ventricular ejection frac- 
tion was not significantly different (63 (10%) in men 
and 63(9%) women), but on exercise there was a 
significant fall in women to 54 (1095) (p «0-01 vs 
rest), but not in men (to 60 (15%), p not significant 
vs rest). Exercise left ventricular function was abnor- 
mal in seven men and 10 women and regional func- 
tion was abnormal in four men and eight women. 
Only exercise duration had any significant linear cor- 
relation with left ventricular exercise response, but 
this was weak (r = 0-41, p « 0:05). , 

Abnormalities in exercise left ventricular function 
in a group of patients with syndrome X occur mainly 
in women and may reflect a difference in aetiology 
between the sexes. These differences suggest that the 
sex of the patient is important in the interpretation 
of non-invasive information in suspected coronary 
artery disease. 


Failure of coronary anatomy to predict accu- 
rately left ventricular dysfunction on exercise 


J L Caplin, L Favaro, J J Fettiche, D S Dymond 
St Bartholomew's Hospital, London 


To mvesngate the variable relation between the 
extent of coronary disease and the resultant left ven- 
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tricular dysfunction on exercise, the results of first 
pass radionuclide angiography were reviewed in 135 
patients with angiographic coronary disease and pre- 
served left ventricular function. Fifty-one patients 
had one vessel disease, 37 had two vessel disease, and 
47 had three vessel disease. Resting left ventricular 
ejection fraction was greater in one vessel disease 
(59(8%) mean(SD)) than in two vessel disease 
(55(9%), p«0-05) or in three vessel disease 
(54 (995), p « 0-01). Exercise left ventricular ejection 
fraction fell significantly in each group (p < 0:001) 
but the fall was less in one vessel disease (to 50 (9)%) 
than in three vessel disease (41(12)%) (p « 0:001). 
There were no significant differences in exercise hae- 
modynamic function, exercise duration, or change in 
left ventricular ejection fraction with exercise. Two 
additional indices that related change in left ventric- 
ular function to exercise duration and to heart rate 
slope were derived, but although there were some 
significant differences between the groups, the 
extent of overlap precluded accurate prediction. 
Multiple stepwise regression analysis showed exer- 
cise left ventricular ejection fraction to be the best 
and only independent predictor of coronary anatomy 
(r = 0-35, p«0:001), but with a high degree of 
scatter. 

There appears to be some relation between the 
extent of coronary obstruction and left ventricular 
dysfunction on exercise; however, a simple anat- 
omical classification fails to predict accurately the 
extent of functional impairment. This suggests that 
studies of the effect of interventions in coronary dis- 
ease should include a functional as well as an anat- 
omical classification. 


Floppy mitral and aortic valves: a common 
combination 


Jacqueline Morton, Christine Rodger 
Monklands District General Hospital, Airdrie 


Over a 28 month period a classically floppy mitral 
valve was diagnosed in 117 new patients referred for 
echocardiography. Of these patients 50 had a normal 
aortic valve, 48 had echocardiographic features of a 
floppy aortic valve, and we identified intermediate 
features in 19. Doppler ultrasound (85 patients) 
showed no significant systolic gradients across any of 
the aortic valves: the frequency of aortic regur- 
gitation in the 42 floppy, 32 normal, and 11 inter- 
mediate valves studied was 64:3%, 9-495, and 0, 
respectively. 

In patients with floppy mitral valves additional 
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myxomatous degeneration of the aortic valve 1s com- 
mon and such valves are often mildly regurgitant. 


Signal averaged ECG and Doppler aortic 
blood flow after myocardial infarction 


T Cripps, Susan Gilmore, D Mannering, D Bennett, 
] Camm, D Ward 
Department of Cardiological Sciences, St George's 
Hospital, London 


Transcutaneous continuous wave Doppler aortic 
blood flow and the signal averaged ECG were stud- 
ied in 74 consecutive patients admitted after acute 
myocardial infarction (MI). Patients also had radio- 
nuclide or angiographic assessment of left ventricu- 
lar function and 24 hour ECG. Patients with bundle 
branch block (5), atrial fibrillation (1), and complete 
heart block (1) were excluded from the signal aver- 
aged ECG analysis. A positive result (one or more of: 
filtered QRS» 120 ms, terminal QRS duration 
below 40 uV for >40 ms, and RMS voltage during 
last 40 ms of «25 uV) was present in 15/67 patients 
(22%). An abnormal signal averaged ECG was 
found more often in those with non-Q MI 
(8/23(35%) non-Q vs 7/39(18%) Q, p « 0-05). Peak 
enzyme activities were higher in those with an 
abnormal signal averaged ECG (aspartate trans- 
aminase 242(35) ws  174(13) IU/! and 
2-hydroxybutyrate dehydrogenase 738(47) vs 
556 (36) IU/I, p<0-0001). Doppler studies showed a 
significant correlation between maximum acceler- 
ation and the angiographic and radionuclide ejection 
fractions (p « 0-001, r = 0 75). The maximum accel- 
eration was lower in patients with an abnormal signal 
averaged ECG (11 (3) vs 16 (4) ms ! s^ !, p «0-001). 
There was no correlation between the results of 
ambulatory ECG monitoring and the signal aver- 
aged ECG. During follow up, seven.(10%) patients 
died; in one death was thought to be caused by pul- 
monary oedema and rapid atrial fibrillation and in 
another to reinfarction. Of the remaining five 
patients, who suffered deaths from arrhythmia, the 
signal averaged ECG was abnormal in four; 11 of the 
‘67 survivors had an abnormal signal averaged ECG. 
We conclude that: (a) transcutaneous Doppler is a- 

useful indicator of left ventricular function and MI; 

(b) an abnormal signal averaged ECG is more com- 
mon in patients with impaired left ventricular func- 
tion after MI; (c) both techniques merit further 
study in this context because they are non-invasive, 
inexpensive, and easily performed, and they provide 
useful information which may enhance risk 
stratification in patients after myocardial infarction. 
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A quart into a pint pot: computer modelling to 
improve cardiac surgical throughput -^ 


R C Parry, C Ratnatunga, T Treasure 
Coppers and Lybrand Associates and The Mid- 
dlesex Hospital, London 


We have written a computer program to model the 
activity of a cardiac surgical unit. The number of 
operating sessions and beds, whether in intensive 
therapy unit (ITU) or wards, are defined constraints, 
and the user specifies a representative spectrum of 
patients to provide a data base from which the com- 
puter by simulation, admits, operates, and dis- 
charges cases. Throughput and bed occupancy 
figures are provided for each area of practice. Our 
unit has 16 beds, four days operating, and unpredict- 
able use of 2-4 ITU beds. Day case work-up and 
early district hospital transfer were included in the 
model. The computer simulation achieved 310 cases 
with 92% bed occupancy and relative under usage of 
theatre (7295) and ITU (62%). In 1985 over 400 
bypass cases,.and additional closed operations, were . 
performed, witb ostensibly, the same constraints. In 
practice flexible management strategies were used to 
achieve the 90 extra cases. By using the model we 
explored the impact of admission of predictable 
postoperative problem cases late in the week and 
other selective admission policies, transfer of long 
stay cases (7 4 days) to general ITU beds, and the 
recognition of extra operating, arbitrarily timed on 
Saturday. When these were incorporated in the*’ 
model, 410 cases were achieved. 


Dipyridamole versus exercise thallium imag- 
ing: comparable or not? 


J P Bourke, T Hawkins 
Freeman Hospital, Newcastle upon Tyne 


Although exercise is the conventional method of 
obtaining myocardial stress during thallium 1mag-^ 
ing, intravenous dipyridamole (DP) now provides an 
alternative and extends stress imaging to patients 
who exercise poorly. The two techniques are mech- 
anistically different, however. A: study was per- - 
formed to compare the quality of the stress images 
obtained by both techniques to define better the role 
of DP stress 1maging. 

Exercise was performed according to a limited 
Bruce protocol test and DP was given by an intra- 
venous infusion (05 mg/kg over 4 minutes). 
'Thallium-201 (75 MBq) was injected 60 s before the 
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completion of treadmill exercise and in the DP group 
after gentle walking on the spot exercise. Images 
were obtained in the-left anterior oblique (LAO), left 
lateral, and anterior views with a gamma camera and 
associated computer system. An image quality index 
was derived from the ratio of the maximum myo- 
cardial uptake segment to uptake in a fixed lung 
segment. The LAO view was used. Norinalised thal- 
lium counts for both myocardium and lung were also 
compared. 

The images of 30 consecutive DP and 30 exercise 


studies in the sanie time period Were studied. The - 


mean exercise duration ın the exercise group was 
7-33 minutes (range 3-12 66). 'The mean myocardial 
uptake of thallium was significantly higher in the DP 
group (140(45) vs 101(29) counts/s/unit area; 
p<0001); however, the lung-background uptake 
was also higher (69 (22) vs 47 (10) counts/s/unit area; 
p<0 001). As a consequence the indices of image 
quality were not: significantly different (2-06 (0 29) vs 
2:14 (0-36); p» 0-1). 

DP and exercise stress give similar quality thal- 
lium images. These technical data support the more 
widespread use of the DP stress technique. 


Improved functional capacity in patients with 
hypertrophic cardiomyopathy treated by dual 
chamber pacing 


K McDonald, E McWilliams, B J Maurer, D B 

O’Keeffe 

St Vincent’s Hospital, Dublin, Ireland and City 
+, Hospital, Belfast; Northern Ireland . 


Work already presented to the British Cardiac Soci- 
ety has documented i improvement of haemodynamic 
function and symptoms in patients with hyper- 
trophic cardiomyopathy treated with dual chamber 
pacing (DDD). The present cooperative study was 
designed to compare functional capacity, as assessed 
by sequential exercise testing, in paced and in sinus 
rhythm. Fourteen patients have been entered in this 
study. Eleven patients have been followed for at least 
one year and the results of eighteen pairs of exercise 
tests on these patients are presented. In seven 
patients in whonrrepeated exercise tests were carried 
out, the order of testing was reversed on the second 
, Occasion. In all cases exercise was symptom limited 
and terminated by dyspnoea or fatigue or both. 


Mean (SD) treadmill endurance time was increased. 


from 7-23 (3-37) minutes to 9-74(3-86) (p=0-0012). 
All eleven patients improved by at least one func- 
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tional class as assessed by Canadian Heart Associ- 
ation criteria. Before pacing nine were in class 3 or 4 
‘and 2 were in class.2. One year after- pacing seven 
were in class 2 and 4 in class 1. 

These observations démonstrate a significant and 
sustained improvement in exercise tolerance, and 
support the previously reported haemodynamic and 
subjective improvement in patients with severely 
symptomatic hypertrophic cardiomyopathy treated 
with dual chamber pacing. 


Inappropriate use of intravenous verapamil in 
patients with ventricular tachycardia 


A C Rankin, A P Rae, S M Cobbe 
Department of Medical Cardiology, 
“Infirmary, Glasgow 


Intravenous, verapamil is an effective treatment for 
supraventricular tachycardia (SVT) but it has also 
been used for broad complex tachycardia, where the 
diagnosis is uncertain. The response to intravenous 
verapamil in 29 episodes of ventricular tachycardia 
(VT), incorrectly diagnosed as SVT, was analysed. 
.There were 17 patients (13 men, 4 women) aged 
35-85 years (mean 59 years). Underlying heart dis- 
ease was present in 15 patients: coronary artery dis- 
ease in 12 and cardiomyopathy in three. The mean 
tachycardia rate was 190(25) beats/min (range 
"150-240 beats/min). The mean QRS duration was 
0-15 (0-01) s. Electrocardiographic features consis- 
tent with VT were present in all patients, and the 
diagnosis was confirmed by electrophysiological 
- sstudy in 12. Verapamil was administered in dosages 
ranging from 2:5 mg to 30 mg (mean 11-2 (6:1) mg). 
In 23 episodes (7995) the tachycardia was not termi- 
nated, and in 13 of these severe hypotension 
Occurred. Cardiac arrest occurred in two patients 
(caused by asystole in one and ventricular fibrillation 
in the other). The mean systolic blood pressure of 
those in whom the tachycardia persisted was 100 (22) 
mm Hg before and 83(17) mm Hg after verapamil 
‘(p<0-01). In 16 episodes DC cardiéversion was 
required to terminate the tachycardia. No serious 
haemodynamic effects were observed in 12 episodes. 
In two patients without underlying heart disease, 
-sinus rhythm was restored in four episodes. At least 
one serious adverse effect occurred in 10 patients 
(59%). 

Verapamil is ineffective and potentially hazardous 
in VT and its use is inappropriate for the treatment 
of broad complex tachycardia unless a supra- 
ventricular origin has been clearly established. 


Royal 
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Wolff-Parkinson-White syndrome: rapid ven- 
tricular response to atrial fibrillation in pre- 
viously asymptomatic individuals 


K Robinson, E Rowland, D M Krikler 
Royal Postgraduate Medical School, Hammersmith 
Hospital, London 


Atrial fibrillation (AF) ıs a potentally lethal 
complication of the Wolff-Parkinson- White (WPW) 
syndrome; reentrant atrioventricular tachycardia 
(RAVT) is considered to be an important mech- 
anism in precipitating it. Furthermore, when AF 
complicates WPW syndrome there is usually a his- 
tory of prior symptomatic RAVT. We analysed the 
clinical presentation, electrocardiograms, and elec- 
trophysiological data of 108 consecutive symptom- 
atic patients with the WPW syndrome. In nine (895) 
AF was documented as the arrhythmia at the time of 
their first episode of palpitation. One presented with 
atrial flutter with 1:1 conduction. There were four 
women and six men. Though the mean age was 40 
years, a bimodal age distribution was noted; four 
were 24 years or younger and six were 47 years or 
older. All complained of palpitation: three were pre- 
syncopal and three had syncope. Three had angina at 
presentation and one was hypertensive. Seven bad 
type A WPW and three bad type B. The range of 
mean ventricular rates observed clinically during AF 
was 125-259/min, whereas at electrophysiological 
study it was 173-310/min. The range of anterograde 
effective refractory periods of the accessory bundle 
was 230—290 ms. 

AF may occur in the absence of antecedent 
RAVT, and dangerously high ventricular rates may 
be the first symptomatic manifestation of the WPW 
syndrome. 'The absence of a history or RAVT does 
not exclude the possibility of lethal arrhythmias. 
However, the role of prospective electrophysiology 
testing in symptom frec patients, in whom the risk of 
sudden death appears to be minimal, remains to be 
established. 
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Intracavitary flow patterns in hypertrophic 
cardiomyopathy: a pulsed and continuous 
wave Doppler study with colour flow mapping 


P Niboyannopoulos, Y Yonezawa, W J McKenna, 
Celia M Oakley 


Hammersmith Hospital, Royal Postgraduate Medi- 
cal School, London 


Previous work has shown a direct relation between 
the extent of systolic anterior motion of the mitral 
valve (SAM) and measured intracavitary gradients 
in hypertrophic cardiomyopathy (HCM). We have 
now studied intracavitary left ventricular (LV) sys- 
tolic flow patterns and velocity profiles in 47 con- 
secutive patients with HCM using combined colour 
flow mapping with continuous and pulsed wave 
Doppler. Sixteen patients had complete SAM of the 
mitral valve, 14 had incomplete SAM, and 17 
patients had no SAM. These were compared with 
the flow velocity patterns obtained from 10 normal 
individuals. All patients were in sinus rhythm. In 
normal individuals and patients without SAM col- 
our flow mapping revealed laminar flow throughout 
systole with peak velocities of 065(0-12) and 
1-1 (0-2) m/s respectively (p <0 05). In patients with 
incomplete and complete SAM there was laminar 
flow until the onset of SAM (106 (22) ms) when ali- 
asing with colour reversal was seen at papillary mus- 
cle level; peak velocity at this level was 1-4 (0-5) m/s. 
After the onset of SAM septal contact (232 (37) all 
patients with complete SAM had a green-mosaic 
pattern of turbulent flow in association with an 
increase of peak velocity to 3:8 (1-1) ms. 

Since the peak velocities were increased but simi- 
lar in all patients before the onset of SAM, SAM 
cannot have been initiated by a Venturi effect as has 
been suggested, but such an effect could have been 
responsible for its later maintenance. 
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Influence of profuse sweating on systolic time 


intervals 


Sir, 

We compliment Ishikawa and Ishikawa (1986556: 
176-8) on their interesting data, but we have some 
reservations about their conclusions and inter- 
pretation of the haemodynamic mechanisms. 

They clearly define the influence of a sauna (and 
presumably profuse sweating) on systolic time inter- 
vals as producing a prolonged pre-ejection period 
and pre-ejection period divided by ejection time, a 
shortened ejection time, and an unchanged electro- 
mechanical systole. Heart rate and blood pressure 
were unchanged and haematocrit and body weight 
decreased.  Ishikawa and  Ishikawa conclude 
**...systolic time intervals measured after profuse 
sweating can give a false 1mpression of cardiac func- 
tion”, In contrast, we believe that they gave a true 
mpression and that cardiac function really was 
reduced after sweating. 

A prolonged pre-ejection period, especially with a 
shortened ejection time, is an acknowledged hall- 
mark of reduced cardiac performance (by any mech- 
anism). Heart rate was unchanged and, therefore, 
was not contributory. Since blood pressure was 
unchanged, afterload probably was stable. Although 
Ishikawa and Ishikawa did not investigate preload 
(for example by echocardiography), the acute 
decreases 1n haematocrit and body weight indicate 
reduced blood volume consistent with preload 
reduction. Indeed, the changes in systolic time 
intervals are 1dentical with those seen after preload 
reduction! ? and can be explained by a leftward shift 
of the Frank-Starhng curve. Finally, electro- 
mechanical systole (QII.), which is very sensitive 
to changes in contractility,’ * was stable. 

Thus we conclude that cardiac function was 
indeed altered by the sauna and that this was proba- 
bly the result of preload reduction rather than 


reduced contractility. We recommend that load- 
dependent measurements, such as the pre-ejection 
period and its ratio to ejection time, are best inter- 
preted after taking into account simultaneously 
measured information about loading conditions. 


Gustav G Belz, 

Institute for Cardiovascular "Therapy, 
Alwinenstrasse 16, 

6200 Wiesbaden, 

Federal Republic of Germany. 


David H Spodick, 

Division of Cardiology, 

St Vincent Hospital, 
University of Massachusetts, 
Worcester, MA 01604, 
USA. 
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Notices 





British Cardiac Society 


The Autumn Meeting will be held at the Wembley 
Conference Centre, London, on 24 to 26 November 
1987, and the closing date for receipt of abstracts 
will be 10 July 1987. 

The Annual General Meeting for 1988 will take 
place in Belfast on 23 and 24 March 1988, and the 
closing date for receipt of abstracts will be 4 January 
1988. 


Cardiac Society of Australia and New Zealand 


` The 35th Annual Scientific Meeting of the Cardiac 
Society of Australia and New Zealand will be held in 
Melbourne on 2 to 5 August 1987. Inquiries to: Mr 
K J Wickham, PO Box 235, North Balwyn 3104, 
Australia. 


Health education 


The XIII World Conference on Health Education 
will be held in Houston on 28 August to 2 Sep- 
tember 1988. For further information write to the 
US Host Committee, PO Box 20186, Suite 902, 
Houston, Texas 77225, USA. 


Correction 


Editorial: Twenty years of prehospital coronary care 
J S Geddes—we apologise for an error in the Decem- 
ber 1986 issue (volume 56: page 491, right hand 
column, second paragraph, lines 3 and 4) where 
“hospital morbidity was only 9%” should read 
“hospital mortality was only 9%”. 
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A SENSE OF 
ASHER 


Why are medical journals so dull? 


Richard Asher, who asked the question, was never dull: good sense, 
pungent wit, and lively humour were his hallmarks, while his writings 
on clinical matters, with their combination of lucidity, sympathy, and 
insight, remain models for all aspiring medical authors. A Sense of 
Asher, a selection of his writings chosen and introduced by Ruth 
Holland, was first published in a Keynes Press limited edition which 
quickly sold out. This paperback version, now in its third reprinting, 
contains the complete text of the original, which includes 


* Apriority 

* The physical basis of mental illness 

* A case of health 

* The use of statistics in medicine 

x Intracranial and extracranial computers 
* Why are medical journals so dull? 


“A marvellous gift . . . for a doctor's bedside table" (Selwyn Taylor, British Medical Journal) 
“The richness of the store is shown by the excellence of this collection” (Sir Douglas Black, 
Medical History) 

“Enjoyable light reading for anyone in medicine” (Paul Beeson, New England Journal of 
Medicine) S 


Price: Inland £7.00; Abroad £8.50; USA $14.00 
BMA members: Inland £6.50; Abroad £8.00; USA $13.00 
(please quote membership number.) Prices include postage, 

by air abroad. Payment must be enclosed with order. 


Order from: British Medical Journal, PO Box 295, London WC1H 9TE, 
or any leading bookseller 
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SECOND EDITION 


The first edition of HOW TO DO IT 
proved a useful and popular guide to 
those things a doctor needs to know 
but is rarely taught: how to take an 
examination, how to interview and be 
interviewed, how to plan and write up 
research, how to behave at an inquest. 
In the second edition the original 
' chapters have been expanded and 
updated, and there are several more 
chapters on new challenges—choosing 
a computer, flying, holding a press 
conference—and on some older ones 
not included: in the first edition— 
assessing a job, dealing with a publisher. 


HOW TO DO IT 








Price: Inland £6.95 

Abroad £9.00/USA$14.50 
BMA members: Inland £6.45 
Abroad £8.50/USA$13.50 
including postage, by air. 
abroad 







Please quote 
membership number 






Payment must be enclosed 
with order 







Order from 

P.O. Box 295 

British Medical Journal 
London WC1H 9TE 
or any leading bookseller 
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